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Abstract 
Bioenergy is an important renewable energy source in the UK, but the wood fuel sector is 
characterised by low growth and deployment levels compared to other countries. The sector 
is also described as emerging with a slowly growing demand, complex, fragmented and under-
developed supply chains within a changing and uncertain environment. Further 
socioeconomic factors were identified as critical for its sustainable development, however 
previous studies assessed these factors using quantitative methods which are limited in 
assessing pertinent contextual factors such as institutional/regulatory governance, supply 
chain structure and governance, capital resource availability and actor decisions. Therefore, 
the aim of this research is to determine factors and strategies for the growth and resilience 
of the UK wood fuel sector with objectives to determine the structure and institutional 
context of its supply chains and assess the role of these under-explored contextual factors. 
To achieve this, a new analytical framework: The Resilience and Livelihoods in Supply Chains 
(RELISC) framework was designed, linking Value Chain Analysis, the Sustainable Livelihoods 
Approach and a supply chain resilience framework and then applied to three typical wood-
fuel supply chains as case studies, based on a constructivist paradigm that engages with actor 
perceptions and experiences.  
The RELISC framework first revealed that policy assumptions underpinning the sector were 
uncertain. It also identified a range of different supply chain structures and institutional 
contexts. Further, it demonstrated the role of institutional and internal governance patterns 
in specific action spaces and processes and the influence of capital resources on supply chain 
governance as well as the impact of actor attitudes and actions on uptake levels and supply 
chain development. Finally, it showed how socioeconomic benefits and supply chain 
resilience can be derived from factors such as access to resources, actor decisions, internal 
governance patterns, compliance to external governance, effective organisational practices 
as well as employing supply chain resilience strategies that can be applied to other emerging 
sectors.   
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Glossary of Terms   
Action spaces: Action spaces are areas of interactions between institutions and actors and 
between supply chain actors concerning key issues that are identified as critical in achieving 
the growth and resilience of the sector and its supply chains (see pages 95 and 120) 
Governance patterns: Indicate the types of relationships between actors in a supply chain 
(internal governance) and between actors and institutions (external governance).  
Internal Governance patterns identified are Market–based/Arms-length, Balanced, 
Buyer/producer driven and Hierarchy. These are determined by observing the type of 
interactions and relationships between actors in the supply chains including customers; such 
as negotiation powers, supply chain structure, level of information exchange, level of 
autonomy, contractual arrangements, performance monitoring and assistance, partnerships 
and sharing of resources, resource availability and customer relationships and number of 
suppliers. (Please see table 9).  
External Governance patterns are Executive, Legislative and Judicial. These are determined 
by observing how institutional rules and standards are governed; through the establishment 
of rules and regulations (legislative), providing support and assistance in meeting 
requirements (legislative) and the monitoring of conformance rules and standards as well as 
implementing sanctions on non-conformance (judicial). In practice, this work identified a 
combination of external governance as follows: The Legislative and Executive pattern, The 
legislative and judicial governance, The Executive and Judicial governance (Please see table 9 
and page 122)  
Resilience: Resilience is defined as the capacity for an enterprise to survive, adapt, and grow 
in the face of change and uncertainty  (see Pages 5 and 46)  
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Chapter 1: Introduction and Research Aims  
1.1  Bioenergy:  A Renewable Energy Source 
Bioenergy is a renewable energy source predicted to play a significant role in meeting both 
the UK Climate Change emissions reduction target of 80% by the year 2050 (CCC, 2008) and 
the UK renewable energy targets; which is to source 15% of its overall energy from renewable 
sources by 2020 (European Commission’s Renewable Energy Directive 2009/28/EC). Further, 
according to the UK Renewable Energy strategy (DECC, 2009), up to 30% of the renewable 
energy target would be contributed by bioenergy for heat and power. Also, DECC (2010) 
states that without bioenergy the UK would not meet its low carbon objective by 2050.  
However, in spite of the stated importance of bioenergy to the UK low carbon energy system, 
its deployment levels for all sectors (heat, electricity and transport) are relatively low at 7% 
of final energy consumption. In comparison, bioenergy deployment levels for all sectors (heat, 
electricity and transport) in the EU accounts for an average of 10%, with countries like 
Sweden, Latvia and Finland reporting a contribution of over 30% (IEA, 2015). In particular, 
bioenergy for heating in the UK, which is the focus of this thesis, as explained later contributed 
only 2% of final energy consumption and 6% of overall heat consumption in 2016 (ECUK 
2017). In contrast, bioenergy for the heating in all the EU-28 countries accounts for 7% of 
total final energy consumption and 16% of overall heat consumption in 2015 (IEA, 2015). 
Worldwide, it is regarded as the most important renewable energy source, contributing up to 
20-30% of energy demand in some countries (IEA, 2015), although it is mostly used as 
traditional biomass (using open fires and firewood) as opposed to the modern use of 
bioenergy in Europe (using boilers and CHP technologies). Therefore, given its importance 
and its relatively higher penetration levels in other countries, concerns and questions 
regarding the low penetration levels in the UK, gave rise to the research presented in this 
thesis.  
Bioenergy is generated from biomass, which consists of materials of recent biological origin 
derived from plant and animal. Biomass can be derived from a wide variety of sources 
including conventional forestry management, such as thinning, felling and coppicing, from 
tops and branches and from sawmill and other wood‐processing residues. It can also be 
derived from agricultural crops and from biodegradable waste and other similar materials 
(BEC, 2011). Bioenergy can be broadly categorised into biofuel for transportation and wood 
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fuel as well as other sources of biomass for the production of heat and electricity. As 
mentioned earlier, the focus of this research however is on wood fuel such as wood chips, 
pellets and logs, derived from forestry and energy crops, for the production of renewable 
heat for buildings, excluding industrial heat. The emphasis on renewable heat is because the 
de-carbonisation of heat is one of the key priorities and also one of the major challenges of 
the UK Government’s energy policy (DECC, 2009; DECC 2013). Heat demand and heat related 
emissions are significant in the UK constituting about 47% of the total UK energy consumption 
(DUKES, 2016) and 32% of total greenhouse gas emissions (DECC 2012) respectively.  
Chapter 1 is structured as follows: first, the success and limitations of bioenergy policy and 
policy instruments for both renewable heat and electricity are reviewed, followed by an 
introduction to the UK wood-fuel sector, highlighting its characteristics as an emerging sector 
with low deployment levels and underdeveloped supply chains and the drivers and barriers 
to sector growth in terms of increasing uptake levels and supply chain development. This 
leads to a discussion on how to stimulate the growth and development of the sector and its 
supply chains respectively and then the aims and objectives of this research are outlined.  
1.2  A Review of Bioenergy Policy and Policy Instruments:  Success and Limitations  
In order to achieve its low carbon objectives, the UK government policy support for renewable 
energy has been a key driver for increasing bioenergy deployment levels in the UK. For over 
a decade, a combination of policy, incentives and reports have been used to facilitate the 
growth of the sector as outlined below. In 2003, the energy white paper (DTI, 2003), brought 
the reduction of CO2 emissions and renewable energy to the forefront in UK energy policy. 
The paper was successful in renewing interests in renewable energy and bioenergy as a key 
renewable energy source. Previously, between 1990 and 2002 the Non-Fossil Fuel Obligation 
(NFFO) was the main Government support measure for renewable energy. Generators who 
used fossil fuels paid a levy and this was redistributed among renewable electricity suppliers, 
following a competitive bidding process. This process meant that mainly low cost projects 
such as biogas projects were awarded instead of more capital-intensive wood fuel projects 
(Thornley and Cooper, 2008; Adam et al., 2011). Renewable Obligation (RO) replaced the 
NFFO in 2002. The RO issued Renewable Obligation Certificates (ROCS) for each MWh of 
renewable electricity generated. It included a buyout price if obligations were not met. Funds 
from the total buyout purchases are then distributed to ROC holders as a further incentive 
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for generating renewable electricity including biomass electricity. At the start, the RO was 
‘‘technology neutral’’ because all renewable electricity sources were equally supported so 
that once again only cost effective technologies such as co-firing of existing coal-fired stations 
were favoured. This eventually led to a review of the process so that the ROC certificates 
became ‘banded’ so that more complex and capital intensive facilities such as biomass 
electricity generation plants would be awarded more ROCs (OFGEM, 2011). In addition, a 
number of grants and investment subsidies were introduced to facilitate the development of 
the sector. This included the Bio-Energy Capital Grant Scheme, the Woodlands grant scheme, 
Bio-energy infrastructure, and the energy crop scheme amongst others. Although these types 
of grants and investment subsidies helped to stimulate some uptake in bioenergy 
technologies, their success was limited because of other obstacles such as planning 
restrictions; where some bioenergy projects were not granted planning approval as well as 
problems such as   inconsistent fuel quality and supply in some cases (Thornley and Cooper, 
2008). 
Following the 2003 Energy white paper, a number of reports summarised in Slade et al., 
(2009), helped to shape government strategy on bioenergy through different reports on 
deliberations and responses. This included the Royal Commission on Environmental Pollution 
report (RCEP, 2004); the Bioenergy Task Force report (2005) and the Government’s response 
to the task force report (DTI, 2006). These reports reiterated a commitment to develop a long-
term biomass strategy. However, ambiguous goals and mismatch between project types and 
policies as well as lack of mechanisms for enforcing implementation and compliance, 
threatened to limit the effectiveness of these strategies and policies (Van der horst, 2005; 
Slade et al., 2009). After the establishment of the Climate Change Act (2008), which revised 
the emissions reductions targets from at least 60% to 80% by 2050, the EU Directive 
2009/28/EC on renewable energy set binding targets for the deployment of renewable energy 
with an overall target for the EU set at 20% and the UK contribution set at 15% of renewable 
energy by the year 2020. In response to the EU directive, the UK Renewable Energy strategy 
(DECC, 2009) was drawn up with more specific targets for the various energy use sectors. For 
the heat sector, 12% of heat demand was to be met by renewable energy, 30% for the 
electricity sector and 10% for the transport sector by 2020.  
These sector specific targets helped to highlight the de-carbonisation of heat as a key priority 
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and the development of the UK wood fuel sector as one of the major avenues to achieve it 
(The UK Renewable Energy roadmap, 2011). It also facilitated the development of the 
renewable heat incentive (RHI), which was finally introduced in 2011 for non- domestic 
properties. The RHI is a long-term financial support, which pays tariffs per unit heat generated 
to eligible participants. The aim is to facilitate the uptake of low carbon heat technologies 
including bioenergy. Also in 2011, the UK Renewable Energy roadmap highlighted the 
importance of bioenergy in meeting the renewable energy directive target by 2020, so that 
by 2012, another bioenergy strategy was published with a set of principles and criteria to 
guide the deployment and allocation of biomass resources between electricity, 
transportation and heat. In line with de-carbonising heat, the heat strategy in 2012 (DECC, 
2012b) and the Meeting the Challenge report in 2013 (DECC, 2013) both recognised the role 
of woody biomass technologies in providing renewable heat. Finally in 2014 the renewable 
heat incentive (RHI) for domestic properties was established. This has had a significant impact 
on the uptake wood-fuel heating technologies (Ofgem, 2014). 
1.3 Wood fuel as an Emerging Sector. 
Woody biomass and plant biomass (energy crops) constitutes the largest share (85%) of all 
bioenergy resources (ECUK, 2013). However, In spite of the wide range of UK policy 
instruments outlined above, the rate of uptake of bioenergy and wood fuel in particular in 
the UK is relatively low compared to some other EU countries as stated earlier (IEA, 2015).  
Also given its significant role in providing renewable heat, the UK wood fuel sector is relatively 
under-explored by researchers. Initial investigations reveal that the wood fuel sector is made 
up of different types and configurations of supply chains, which source, produce, process and 
supply wood fuel products; mainly woodchip, wood pellets, and logs to end users. However, 
its supply chains are mostly fragmented and under-developed with a disjointed approach to 
sourcing wood, leading to a perceived or actual scarcity of wood fuel resources, limited 
processing infrastructure and a general lack of distribution channels   to slowly growing 
demand from sometimes geographically sparse end-users (Scot et al, 2012; Lloyd and Dey, 
2014). Also, its supply chain activities are intertwined with other related sectors making them 
challenging to study and to determine their actual structure.  The sector as a whole can also 
be described as an emerging sector beset by change and uncertainty, with emergent industry 
features such as technology uncertainty, high initial costs, customer confusion, subsidy 
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uncertainty, erratic product quality and slow regulatory approval (Porter, 1985). Further, as 
indicated in section 1.2, there are uncertainties in planning approval, changing and flawed 
implementation of some of the major financial incentives as well as half-hearted and 
uncertain commitment from both Government and individuals. These issues have adverse 
impacts on the development of wood fuel supply chains and sector growth. Therefore to 
facilitate supply chain development and sector growth i.e. increase in deployment levels, the 
emergent and fragmented nature of the sector and its supply chains need to be addressed by 
improving their resilience to change and uncertainty.  
The concept of resilience has been defined from the perspectives of different disciplines such 
as ecology, psychology, social and economic  (Ponomarov and Holcomb 2009; Pettit et al., 
2010). For an organisational and supply chain definition, resilience is a relatively new concept 
which Fiksel (2006, p.3) defined as: “the capacity for an enterprise to survive, adapt and grow 
in the face of change”. Also, Ponomarov and Holcomb (2009) refer to it as the capability of a 
supply chain to prepare and recover from unexpected events and disruptions by maintaining 
continuity of operations, structure and function. This is discussed further in Chapter 2. 
1.4 Socioeconomic Factors for the Growth and Resilience of the Sector  
However, in addition to change and uncertainty, key stakeholders in the sector identified 
other critical barriers to the growth of the sector (Adams et al., 2011). For instance, farmers 
and feedstock suppliers identified the lack of cost effectiveness of bioenergy production as 
the most significant barrier to taking up bioenergy production. This was also evident in the 
implementation of the NFFO and the RO incentive schemes mentioned in section 1.2, where 
more cost effective bioenergy technologies were favoured compared to wood-fuel plants. For 
the end user, the most critical barrier was the high cost of bioenergy technologies, the 
required infrastructures as well as planning approval difficulties previously mentioned. For 
developers/plant owners, it was unproven and commercially unviable technology, lack of 
competitiveness relating to cost effectiveness again as well as lack of UK knowledge and skill. 
For government department policy advisers, the most critical barriers include concerns over 
resource availability and sustainability as well as the need for significant development of 
supply chains. On the other hand, critical drivers include the ability to make profit and receive 
financial rewards/support for developers/owners and farmers/suppliers and a common 
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significant driver for end users and government policy advisers was reducing dependency on 
fossil fuels, fuel security and reducing carbon emissions.  
On further examination, it can be seen that the majority of the factors identified in section 
1.3 and 1.2 are socioeconomic issues. It is generally recognised that climate change concerns 
and the Government renewable targets act as drivers for increasing the awareness of the 
potential of bioenergy. However, the growth of the sector is largely driven by socioeconomic 
factors (Domac et al., 2005; Madlener and Koller, 2007; Adams et al., 2011). This because 
Individuals and communities are said to perceive socioeconomic   benefits as more important 
drivers for implementing bioenergy projects than theirs environmental benefits, possibly 
because of the immediate and visible impact on their lives and communities (Madlener and 
Koller, 2007; Domac et al., 2012).  
 The term ‘socioeconomic’ refers to the interaction between social and economic factors and 
their impacts (Domac et al., 2012; Oxford living dictionary, 2017). In relation to bioenergy, 
socioeconomic impacts are diverse and could be divided into relevant dimensions such as 
social aspects, macro level, supply side and demand side as shown in Table 1 (Domac et al. 
2005).  
Table 1-Socio-economic Impacts of Bioenergy  
Dimensions  Key Impacts  
Social aspects  Increased standard of living, Social cohesion and stability 
Macro level  Supply security/diversification, Regional growth and Export 
potential 
Supply side  Increased productivity/competitiveness and improved 
infrastructure 
Demand side  Employment, income and wealth creation, support of related 
industry 
Adapted from Domac et al., (2005). 
The social aspects could be subdivided into increased standard of living and social/stability. 
Firstly, standard of living could refer to household consumption levels or monetary income. 
However, other aspects such as education, environment and healthcare need to be 
considered in order to effectually measure standard of living. Secondly, social cohesion and 
stability can be achieved through the introduction of a bioenergy project in rural areas, where 
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there is a propensity to high levels of unemployment and depopulation (Domac et al., 2005; 
Madlener and Koller, 2007).  
Macro level refers to the impact of bioenergy on macro elements of a country or regional 
development. For example, bioenergy could enhance security of energy supply at a relative 
constant cost thereby limiting exposure to international price fluctuations; increase the 
export potential thereby reducing the import dependence ratio in addition to promoting 
economic growth and diversification (Domac et al., 2005; Domac et al., 2012). 
Further supply side effects include those factors that result in improving the competitiveness 
of a region and its attractiveness to investment. These may eventually result in the growth of 
complementary local industries as a result of increased demand for various products relating 
to the bioenergy system. Finally, demand side effects refer mainly to employment and 
regional income. Direct effects from employment of those directly employed by the feedstock 
or conversion plant investment, in addition to direct expenditure on goods, services and 
labour in the supply chain and induced effect from regional income arising from re-spending 
of money income and profits within the region (Domac et al., 2005; Domac et al., 2012).  
Although these socioeconomic impacts have been divided into the above categories, in 
practice they are actually interrelated with the demand side and supply side effects 
underpinning the other categories. For instance, the demand side effects relating to 
employment opportunities, Income and wealth creation and Induced Investment as well as 
support of related sectors from the bioenergy system could also promote standard of living, 
improve skills and education, increase regional income and contribute to the growth of local 
industries. On the other hand, supply side effects emerging from increased productivity, 
improved competitiveness and infrastructure, as well as the growth of complementary local 
industries as a result of increased demand for various products relating to the bioenergy 
system, could promote social cohesion/stability, enhance energy security and induce regional 
development. Therefore, given the importance of socioeconomic demand and supply side 
effects of bioenergy systems and also because the barriers identified in section 1.2 and 1.3 
mainly refer to these particular types of socioeconomic impacts, they will be the focus of this 
thesis as listed below: 
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-Employment/skills creation and improvement,  
-Income diversification and wealth generation 
-Induced investment and improved infrastructure 
-Fuel security and savings on cost  
-Improved competitiveness and support of related industries   
It has been observed that these socioeconomic impacts largely depend on other factors such 
as national, local and regional regulatory/institutional contexts as well as company structure 
and organisational practices and processes (McCormick, 2005; Domac et al., 2012). They also 
depend on the level and nature of capital investment, social profiles, actor decisions and the 
availability of resources and infrastructure (Van ejick et al., 2012). In particular, actor 
decisions have a significant impact on how barriers can be overcome and benefits derived as 
well the type of responses to risk, change and uncertainty. This is because these issues are 
vitally linked to people’s perception, actions, resources and plans. Therefore to determine 
how the growth and resilience of the sector and its supply chains can be achieved, all these 
factors need to be evaluated holistically.   
Socioeconomic methods and other assessment approaches as reviewed in Chapter 2, have 
not been used to examine these issues adequately, neither have they been assessed in a 
holistic manner; taking into account all the factors such as institutional, organisational and 
resource factors as well as resilience to uncertainty, change and actor/stakeholder decisions 
(Van ejick et al., 2012; Domac et al., 2012). Typical socioeconomic assessment methods such 
as input and output analysis, cost benefits analysis and feasibility studies are based on 
quantitative analysis using indices such as national/regional indices and statistics (Van ejick 
et al., 2012), economic indicators such as employment, income and wealth creation (Krajnc 
and Domac, 2007) as well as financial indicators; such as Net Present Value (NPV), Internal 
Rate of Return (IRR), Simple Payback Period (Krajnc and Domac, 2007;Vis, 2012). These types 
of quantitative analysis and indices are limited in this case because of the emergent and 
fragmented nature of the sector, where bioenergy resources are produced as by-products of 
related industries in an informal and diffused manner, making it difficult to determine the 
actual impact of the sector quantitatively (Van ejick et al., 2012). Moreover they are not able 
to assess or identify the factors that may impact the resilience of the sector to change and 
uncertainty given its emergent nature. 
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1.5  Research Objectives and Contributions 
Socioeconomic factors have been shown to be critical to increasing the deployment levels 
and resilience of the sector but the majority of previous research have taken a primarily 
quantitative approach to determine what are the socioeconomic impacts of a bioenergy 
sector or project based on a positivism paradigm. This work proposes that it is also necessary, 
if not more important, to shift from mainly quantification and description, to exploring the 
underlying dynamics of how different factors contribute to or hinder positive socioeconomic 
outcomes as well as supply chain development and sector growth and how supply chain 
resilience to risks, change and uncertainty can be achieved. This is based on a more 
constructivist paradigm, which takes into account actor perception and decisions. Hence the 
aim of this research is to explore the factors and strategies required for the growth and 
resilience of the UK wood fuel sector and its supply chains. In order to achieve this, the 
following are the two major objectives of the research: 
• Firstly, it is necessary to define the structure of UK wood fuel supply chains, mapping out 
the actors as well as the institutional contexts of the sector and different chains. This is 
important given the emergent, diffused and fragmented nature of wood fuel supply 
chains. 
 
• Secondly, the research will need to assess the identified factors in a holistic manner in 
order to determine their inter-relationships and their role in achieving sector growth and 
resilience. The factors are likely to include supply chain structure and governance, 
resource and five capital limitations and availability, institutional governance and 
organisational processes, sector vulnerability context as well as actor decisions and 
perceptions.    
 
Finally, in terms of the contributions of this work, it is hoped that the factors and strategies 
for sector growth and resilience identified and discussed in this work will aid in developing 
useful policies and action plans for the UK wood fuel industry as well as other emergent or 
nascent sectors. Also, it is hoped that the assessment approach developed and applied in this 
work can help to contribute to knowledge by meeting the gaps in existing tools and 
approaches in relation to the holistic assessment of different factors of a complex system.  
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1.6  Thesis Structure 
The thesis is structured as follows:  
Chapter 2: presents the literature review of relevant approaches and disciplines based on the 
overall research aims. Firstly, the limits and merits of different socioeconomic approaches 
and models are examined, followed by applicable participatory integrated assessment 
methods. Furthermore, supply chain management and supply chain resilience research were 
investigated. The review indicated research gaps that helped form the research objectives. 
Finally, based on the gaps in knowledge and research discovered, two tools from 
developmental studies namely the value chain analysis and the sustainable livelihoods 
approach as well as literature on supply chain resilience were examined as potential tools for 
the research.  
Chapter 3: is the research design and methodology chapter. Firstly, it outlines the conceptual 
stage of the research, followed by a review of research designs in general and constructive 
research designs in particular, leading to the selection of the case study approach. The case 
study approach was then examined in detail to establish its relevance and an instrumental 
case study approach based on typical multiple cases were chosen.  The chapter went on to 
outline the different types of UK wood fuel supply chains, in order to provide the context and 
rationale for choosing the case studies which are the wood pellet, wood chip and wood log 
supply chains. Furthermore, the data sources and data collection process, including the 
triangulation strategies employed was presented.  
Chapter 4: describes the development of the RELISC framework. It commences with a review 
of other SLA and VCA integration in literature, comparing them with the integration proposed 
in the RELISC framework. Further, the supply chain resilience framework employed and 
adapted in this work is described. Finally, the integration of the different components of the 
RELISC framework is described, highlighting how its different components meet the research 
objectives and the potential contributions of the framework as a useful complementary tool 
to the existing set of research approaches and tools reviewed in this work. 
Chapter 5: presents part 1 of the Institutional Structures and External Governance patterns 
(ISG) stage of the RELISC framework, which is concerned with the policy development action 
space at the sector level. The aim is to identify key institutions involved in the development 
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of bioenergy policy over time and their influence on the role and development of bioenergy 
in the UK low carbon sector. Key institutions that implement the policies and action plans 
were also identified as well as critical issues to form action spaces. At the end, shortcomings 
in the policy development process and its implication on the development of the UK wood 
fuel sector are highlighted.    
Chapter 6: presents the results of part 2 of the Institutional Structures and Governance (ISG) 
stage of the RELISC framework, which is based on the identified action spaces at the sector 
level. They include the sustainable management of resources and environment, People, 
quality and networks and Cost effectiveness /financial incentives, infrastructure and 
innovation. The aim is to identify key institutions and their external governance pattern and 
then evaluate institutional governance and implementation strategies in each action space. 
This was carried out to determine implementation drivers and shortcomings and the resultant 
vulnerable aspects of the sector. 
Chapters 7, 8 and 9: are the case study chapters for the wood pellet, wood chip and wood log 
supply chains respectively. The case study level is the core of the RELISC framework. It 
comprises of the supply chain structures and internal governance (ISG) stage, the Five Capital 
Analysis stage (FCA) and the Supply Chain Resilience (SCR) stage. In each chapter, the case 
study supply chain is introduced describing its establishment and the supply chain structure. 
Subsequently, the implications of external (institutional) and internal (supply chain) 
governance are presented incorporating the five capital analysis results. Finally, the supply 
chain is evaluated using the supply chain resilience framework to determine its impacts on 
socioeconomic benefits, supply chain and sector development.  
Chapter 10: In this chapter, the results from the empirical case study chapters is synthesized 
and compared. The comparative analysis commences with the value chain mapping results, 
highlighting differences and similarities in the supply chain structure. Furthermore, the 
impact of each internal and external governance patterns was explored by indicating their 
common and unique implications across the supply chain. This is followed by the impact of 
the five capital analyses on the internal governance as well as the limiting factors that impact 
on institutional governance and sector-wide vulnerability context. The supply chain resilience 
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capabilities and vulnerabilities were compared and then the factors and strategies for supply 
chain and sector resilience are presented. 
Chapter 11: Discusses the results of this research. It draws insights based on the research 
objectives and in relation to extant literature, pointing out the significance of the results 
derived from the application of the RELISC framework, including key Insights from the 
institutional mapping process, the comparative analysis of case study results, and the results 
from the assessment of supply chain resilience.  
Chapter 12: This chapter concludes this research by first evaluating its theoretical 
contributions arising from the development of the RELISC framework and then the empirical 
contributions resulting from the application of the framework on the UK wood fuel sector as 
it addresses the research objectives. Finally, it presents the research recommendations as 
well as a summary of the factors and strategies for supply chain development and resilience. 
It then highlights the research limitations and areas for future work.   
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Chapter 2:  Literature Review  
2.1 Introduction and outline 
Chapter 1 introduced this research by indicating the importance of bioenergy and in particular 
the wood fuel sector in providing renewable energy and more specifically renewable heat. 
However, it observed that despite its importance, the deployment levels of bioenergy and 
wood fuel is low in the UK compared to other countries in the EU and worldwide. This led to 
investigations into the sector, which revealed the UK wood fuel sector as a complex emerging 
sector with underdeveloped supply chains faced with change and uncertainty. A range of 
factors in particular, socioeconomic factors was identified as key influences on the 
development and resilience of the sector and its supply chains. This gave rise to the aim of 
this work, which is to explore the factors and strategies required for the growth and resilience 
of the UK wood fuel sector. 
Chapter 2 is concerned with exploring relevant literature and a range of assessment 
approaches to determine how they could be employed to meet the aims of this research. It 
goes further than chapter 1 to provide more details on the limits and merits of different 
socioeconomic approaches and models. Subsequently, in recognition of the complex nature 
of bioenergy systems and the need to incorporate the different aspects the system as a well 
as stakeholder decisions, concerns and perspectives, applicable participatory integrated 
assessment methods were investigated. The review of socioeconomic approaches and 
integrated assessment methods highlighted gaps in knowledge and research that needed to 
be addressed to meet the aim of this work. Thus, they helped to develop the objectives of 
this research. Furthermore, given that the supply chain is the focus of analysis and also the 
need for resilience in an emerging sector, supply chain management and supply chain 
resilience research were investigated. This also highlighted similar and new research gaps that 
were included in the research objectives as outlined in chapter 1. Finally, based on the gaps 
in knowledge and research discovered, two tools from developmental studies namely the 
value chain analysis and the sustainable livelihoods approach as well as literature on supply 
chain resilience were examined and found to meet different aspects of the research 
objectives. 
2.2  Socio-economic Research and Socioeconomic Models   
In the late 1990, climate change concerns brought about an abrupt increase in the 
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deployment of renewable energy technologies in Europe. However, the sharp increase in 
uptake was not sustained, a major reason being that the social and economic implications of 
these technologies had not been properly accounted for (Domac et al., 2012). This highlights 
the importance of these aspects for the development of the sector and led to renewed 
interests in evaluating the socio-economic aspects of these technologies (Domac et al., 2012).  
  
The evaluation methods used for assessing the socio-economic aspects of bioenergy are 
diverse, with the scope ranging from local case studies, regional studies to the macro level; 
looking at changes at the national level. As stated in chapter 1, key quantitative methods such 
as input and output analysis make use of national and regional data, to derive indicators such 
as employment, income and wealth creation as well as growth of related industries. Further, 
economic analysis may involve cost benefit analysis, fiscal and feasibility studies, using 
financial indicators such as Net Present Value (NPV), Internal Rate of Return (IRR) and Simple 
Payback Period. In addition, socioeconomic assessment also involves the use of models and 
techniques such as partial equilibrium analysis and the Keynesian income multiplier and other 
participatory approaches such as multi-criteria decision analysis. The following will attempt 
to examine key socioeconomic approaches and models in more detail outlining their merits 
and limitations based on the aim of this research, which is to explore the factors and 
strategies required for the development and resilience of the UK wood fuel sector. 
2.2.1 Input and output analysis 
The Input and output method was developed by Leontief Wassili (1906-1999). It is based on 
an understanding of the inter-dependencies of economic systems. Thus it is used to analyse 
inter-industry relationships, where inputs of one industry are the outputs of another industry 
and vice versa, eventually leading to equilibrium between supply and demand in the economy 
as a whole (Leontif, 1986). Input and output analysis can either be static or dynamic. Static 
input and output analysis, which is the most basic form of the method, involves the use of I-
O Tables derived from national data over a period of one year. This is used to account for 
economic activities and links between industrial sectors and also used in deriving the gross 
domestic product of a nation (Madlener and Koller, 2007). On the other hand, dynamic input 
and output analysis was developed to take into account changes in time, possible 
technological improvements and or the accumulation or constraints in capital resources (Cruz 
Jr. et al., 2009). Both types of Input and output analysis can be applied at the regional and 
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national level. In terms of socioeconomic impacts, input and output techniques indicate value 
added, employments, income creation and fiscal aspects of an economic activity by assessing 
its direct effects and indirect effects. Direct effects refer to the rise in demand for goods and 
services in the part of the economy directly affected by the economic activity and indirect 
effects arises when the other part of the economy in turn are required to provide goods and 
services to the directly affected industries. Further secondary effects are realised from the 
consumption and investment from additional income (Madlener and Koller 2007; Viliem et 
al., 2010). The technique has also been extended to account for environmental impacts and 
ecological footprints (Dobos and Floriska 2007; Dobos and Csutora, 2010), as well as the 
impact of natural constraints in a number of sectors, including the petroleum industry 
(Kerchner and Hubacek, 2009). 
In the bioenergy sector, input and output analysis and models have been widely applied. At 
the national level, Wickes (2006), employed input-output analysis to calculate the direct, 
indirect and induced impacts of agricultural intensification and bio-energy production on 
surplus land area. The assessment compared the GDP, trade balance and employment effects 
of two eucalyptus bioenergy chains. Further regional input and output analysis was used to 
determine the economic and CO2 mitigation impacts of bioenergy promotion in the Austrian 
federal province of Vorarlberg (Madelener and Koller, 2007). They assessed the domestic 
value-added, employment and fiscal effects by means of a static input-output analysis. For 
dynamic I-O analysis, Cruz Jr. et al., (2009) utilised a discrete time input-output model to 
analyse the dynamics of bioenergy supply chains, taking into account the impact of surplus or 
constraints of product inputs and natural resources on the stability of the supply chain. The 
results indicated that bioenergy systems depend on both physical linkages between processes 
as well as information flows and behavioural responses among sector actors. In addition, it 
was noted that appropriate governmental or institutional policy or market-based 
interventions could be used to eliminate instability in nascent bioenergy chains (Cruz Jr. et al., 
2009).  
I-O analysis is a well-established tool although it does have a number of well-documented 
limitations. Firstly I-O Tables are generally out-dated by the time they are made publicly 
available because of the time usually (about 2 to 3 years) and effort required to generate the 
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data.  Furthermore, some of its assumptions do not reflect real life situations; for instance it 
assumes that the share of inputs required by a sector remains static ignoring possibly 
efficiency gains due to economies of scale. It also assumes prices of different products change 
at the same rate and that products cannot be substituted even though there may be cheaper 
and more readily available substitutes (Wickes, 2006). In addition to the shortcomings 
mentioned above, the I-O analysis may not be appropriate for this research for the following 
reasons:  
• It is not suitable for small to medium scale bioenergy production systems, 
which constitutes the majority if not all the types of wood fuel supply chains 
for renewable heat. The method requires large-scale bioenergy production 
systems to produce meaningful results. 
 
• Most of the inputs and resources into forestry derived wood fuel supply chains 
in particular are derived from waste products and these may not be accurately 
accounted for in the I-O analysis because the resources may already be 
accounted for in a different sector.  
 
• Finally, I-O results present figures relating to the direct, induced and indirect 
effects of a particular sector or project. However, as pointed out by the 
dynamic I-O analysis of nascent bioenergy chains (Cruz Jr. et al., 2009), 
information flows between supply chain actors, actor behavioural responses, 
policies and resource constraints are important factors to be considered to 
ensure stability in the chain. Therefore, for effective policy interventions, there 
is a need to explore how these factors impact supply chain stability and then 
to derive strategies to achieve stability and resilience.  
2.2.2 Partial and General Equilibrium 
General and Partial Equilibrium analysis are two related types of analytical methods used to 
determine the impact of policy initiatives. General equilibrium (GE) models are used to 
examine the effect of policies on the world economy disaggregated into regions, countries 
and economic sectors, whilst partial equilibrium is concerned with policy effects on a 
particular sector (Tromberg et al., 2007). Applying GE models to the bioenergy sector helps in 
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the depiction of the effects of macro-economic and international policy feedback effects, 
which recognises that the bioenergy sector is interrelated to other sectors in a national 
economy as well as the global economy, given the prevalence of international trade in 
biomass resources (Bettina and Peterson, 2010). For example, Zhang et al., (2014) used a 
general equilibrium analysis to determine the effect of global fossil fuel price on wood fuel 
markets in the US as well as the effects of alternative policy and market incentives. However, 
one of the major drawbacks of the macro level of analysis is that the finer details of bioenergy 
production, including the economic and environmental impact of bioenergy policies at the 
local and regional level are not captured. According to Kretschmer and Peterson (2010), the 
major database for general equilibrium models provided by the global trade analysis project 
(GTAP), has limited and inconsistent production and trade data for bioenergy and biofuels in 
the global economy. This is because except for countries like Brazil, international bioenergy 
production and trade is a recent occurrence that has not been properly accounted for in the 
database. In addition, future bioenergy production levels, demand and trade in different 
countries are highly uncertain, given that the current surge in bioenergy production and trade 
is as result of government support policy instruments which are subject to change, reflecting 
the emergent nature of the sector (Kretschmer and Peterson, 2010). 
On the other hand, partial equilibrium models are able to present detailed representation of 
agricultural and bioenergy production and land use restrictions.  They are also able to provide 
detailed policy intervention analysis in order to capture local or regional environmental and 
economic effects. For example, Tromberg et al., (2007) used a regionalised partial equilibrium 
(PE) model to assess the economic potential of bioenergy under different bioenergy policy 
alternatives in the Norway. However, PE models do not account for links to other non-
agricultural sectors and to other regions in the global economy reflecting the partial nature 
of the analysis. Furthermore, it assumes a perfectly competitive market, where consumer 
taste and preferences are constant and stakeholders behave in an optimised manner. Also 
the factors of production are assumed to be perfectly mobile and available at a constant price. 
It also assumes a seamless uptake and implementation of the policies. These assumptions are 
not realistic given the emerging nature of the sector and the fact that currently, changing 
economic, institutional and political systems largely drives demand and supply within the 
bioenergy sector. Also in line with the aim of this research, it is important to determine the 
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factors that affect consumer’s preferences as well as barriers in the implementation of 
governmental and institutional   governance to determine the actual impacts of the policies.  
2.2.3 Keynes Multiplier Theory  
The term “multiplier” describes the phenomenon whereby an initial increase (or decrease) in 
the rate of spending in a particular region results in a more than proportionate increase (or 
decrease) in income or employment in the sectors that are supplying the increased demand 
in that region (Samuelson and Nordhaus, 2001). For instance an increased spending in a 
region on the development of a bioenergy project will result in a proportionate increase in 
employment, income and profits in the regional sectors needed to supply the development 
(Kranj and Domac, 2007). There are two effects of the multiplier; firstly, the direct effect, 
where the direct expenditure of the bioenergy plant; including the purchase of feedstock as 
well as expenditure on construction, equipment and labour generates income for the supply 
chains that provides this services and products. Secondly, the indirect multiplier, where there 
is re-iterative spending on additional goods and services needed to service this increase in 
demand. Finally, the increase in regional income, through labour, income and profits, also 
creates additional ‘consumer’ demand, which is referred to as the induced (consumption) 
multiplier (Myles, 2001). Further, it is important to determine how much of the extra income, 
employment and profits are spent within the region by using regional data on expenditure 
patterns and the availability of goods, skills and services. This is because money spent on 
goods, skills and services outside the region cannot be calculated in the   multiplier for the 
region. This is referred to as leakages (Gnos and Rochon, 2008). The percentage of 
expenditure spent on local goods and services is entirely dependent on the availability of 
skilled labour and equipment in the region. It is therefore imperative to provide a clear picture 
of regional expenditure patterns made by both the conversion and feedstock process (Gnos 
& Rochon, 2008). 
 
There are a number of criticisms of the Keynesian concept. It is described as an unrealistic 
timeless and static phenomenon because the it describes the relationship between income 
and consumption and investments as instantaneous and static, whereas in reality there is a 
time lag and a dynamic process between the receipt of income, investments and consumption 
expenditure (Hazlitt, 2008). For instance, people may decide to spend their increased income 
to pay off debt or to save as people tend to save with increased income or they may decide 
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to purchase old stocks and securities, all of which will affect the multiplier effect (Hazlitt, 
2008) There is also the effect arising from an increase in price of goods and services, so that 
part of the increased income is absorbed by higher prices further reducing the effect. In spite 
of the limitations stated above, the Keynes multiplier concept has been found to be useful in 
demonstrating that a change in investment spending results in an increase in income and 
employment level. Secondly, by estimating multipliers (for government expenditure, taxes, 
money supply), it is possible to estimate the effectiveness of fiscal policy and monetary policy. 
Thirdly, the multiplier concept enables us to analyse, control and forecast cyclical fluctuations 
and the cumulative process of trade cycles (Hazlitt, 2008). 
For this research however, the level of regional data required to perform a Keynes multiplier 
analysis i.e. data on spending in wood fuel supply chains and subsequent spending in the 
region are not publicly available. However, the multiplier theory has also identified that the 
impact of resource availability such as skills, technology, infrastructure and natural resource 
availability are critical factors that determine if the multiplier effects which leads to increased 
income, employment and profits can be derived in a region or not. This indicates that for this 
work, it is important to examine how these factors can impact on socioeconomic benefits in 
the wood fuel supply chains and hence sector development. For instance, low skilled actors 
in a bioenergy sector can only attract low income and in turn the lack of skill limits sector 
development. 
2.2.4 Cost and Benefit Analysis  
Cost-benefit analysis (CBA) is a technique used to compare the various costs associated with 
the benefits that an investment is proposed to return (European Union, 2015). It mainly deals 
with the financial benefits of a project but it can be instrumental in determining if a project 
may go forward (Vis, 2012; European Union, 2015). Most feasibility studies use CBA to 
determine the feasibility of a project. Typical indicators used are Net Present Value (NPV), 
Internal Rate of Return (IRR), Simple Payback Period and figures showing yearly cash flows 
(Vis, 2012). NPV refers to the difference between the present value of cash inflows and the 
present value of cash outflows, over a time period. It takes into account that the value of 
money depreciates with time. Internal rate of return is the interest rate at which the net 
present value of all the cash flows (both positive and negative) from a project or investment 
equal zero. The term internal refers to the fact that its calculation does not incorporate 
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external financial factors (e.g., the interest rate or inflation). Finally, the payback period in 
refers to the period of time required to recoup the funds expended in an investment (Vis, 
2012). 
 
CBA has been widely applied to bioenergy projects. For example, Van et al., (2014) conducted 
a financial CBA on producing hybrid willow biomass for use on farm or off farm. The analysis 
indicated that on-farm use rather than off-site supply to a local municipal power plant was a 
more attractive investment for farmers because of the significant savings in farm heating 
costs. It also indicated that there are possible future benefits, which may improve the 
attractiveness of willow production, such as carbon credit payments from the development 
of the EU carbon emissions trading scheme. However the report indicated that in spite of the 
saving opportunities and benefits, the uptake of willow production has been low probably as 
a result of other factors such as lack of land availability, perceived or actual lack of skill, 
required investment in new machinery and perception of risk by the farmers to take up a new 
and uncertain cropping system. In addition, there were other local opportunity costs that may 
not have been accounted for. This goes to show that CBA is limited because it focuses on 
monetary and financial aspects, which is only a part of the picture. There is also a need to 
consider local stakeholder perceptions, resource availability and the impact of regulation on 
the uptake of bioenergy systems. Accordingly, a CBA undertaken by Cleary et al., (2015) also 
highlighted the need for broader consideration of local conditions such as the availability of 
nearby fuel resources to reduce cost and local regulatory constraints such as a requirement 
for an operating engineer on site for small scale CHP operations, which significantly adds to 
costs.  
2.2.5 Summary Review of Socioeconomic Approaches  
So far this chapter has considered key methods that have traditionally been used to 
determine the socioeconomic aspects of bioenergy systems. These include the I-O analysis, 
the partial and general equilibrium method, Keynes multiplier method as well as CBA. These 
were reviewed primarily to determine their suitability for this work. The review indicated that 
methods such as the I-O analysis and Keynes method were not suitable because of the small 
scale of the heat supply chains to be studied and the confidential data requirements that are 
not available respectively. Furthermore, the shortcomings of the methods also limited their 
suitability; for instance the lack of consistent bioenergy specific data for I-O and the partial or 
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general equilibrium analysis, as well as some assumptions, which do not reflect the emerging 
nature of the sector. CBA is regarded as too focused on the financial/economic aspects of 
bioenergy systems instead of a broader assessment of socioeconomic aspects.  
Finally, an important outcome of the review indicated that for all the methods assessed, there 
were key factors that need to be considered and evaluated in order to validate some of the 
results of these approaches and also to provide a more holistic picture of the issues that 
impact on the socioeconomic aspects of an emerging sector like the UK wood fuel supply 
chain. The identified issues include the need to evaluate the impacts of stakeholder 
perception and decisions, end-user preferences, information flows, local conditions, 
resource, skills and infrastructural availability as well as the implementation of local and 
regional and national regulations. Therefore, although socioeconomic barriers and drivers 
have a major impact on the uptake and resilience of the sector as identified in chapter 1, 
traditional socioeconomic assessment methods are limited in assessing all the factors that 
may help to overcome socioeconomic barriers and enhance drivers for the development and 
resilience of the sector and its supply chains. This is because bioenergy systems are not only 
emerging they are complex systems embedded within social, economic, environmental and 
regulatory contexts as well as being influenced by the decisions of a wide range of 
stakeholders (Buchhloz et al., 2007). Therefore, there is a need for a participatory integrated 
assessment approach, which can account for these different aspects in a holistic manner in 
order to facilitate the growth of the UK wood fuel sector.  
2.3  Integrated Assessment Methods  
Integrated assessment (IA) is a field that has emerged in response to the limitations of 
traditional assessment methods, in dealing with the different dimensions and interactions 
presented by complex problems (Slater et al, 2010; Letcher et al., 2013; Hamilton et al., 2015). 
It was established as a known field in the early 1990s where it was applied to problems 
relating to water management (Mitchell, 1990). Since then, this form of assessment has found 
useful application in dealing with complex global issues such as climate change, energy as well 
as developmental issues (Slater et al., 2010; Hamilton et al., 2015). As an academic field, IA 
aims to gather, structure, synthesise and present interdisciplinary knowledge, data, methods 
and perspectives in order to inform and address complex issues (Puy et al., 2007; Hamilton et 
al., 2015). IA has been categorised into different forms. These are integration across issues, 
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stakeholders, disciplines, processes, models and scales (Letcher and Jakeman, 2003; Letcher 
et al., 2013). The following examines integrated modelling which is key tool in the IA process. 
 
2.3.1  Integrated Modelling  
Integrated modeling (IM) builds models to explore the linkages and feedbacks between 
different system components, including the social, economic and ecological implications of 
different natural or human factors (Letcher et al., 2013; Hamilton et al., 2015). Letcher et al., 
(2013) identified 5 common integrated modeling approaches used for different purposes and 
applications as outlined below:  
 
• System dynamics (SD): SD modeling represents a set of conceptual and numerical 
methods that is used to understand the structure and behaviour of complex systems using 
computers based on simulation models to improve system understanding and 
experimentation as well as  social learning based on quantitative data. It has been applied 
in problems relating to water resource management (Fernández and Selma 2004; Qin et 
al., 2011) coastal zone management (Chang et al., 2008), urban development (Lauf et al., 
2012), soil erosion and nutrient pollution (Yeh et al., (2006). 
 
• Bayesian networks (BN): BN modeling uses probabilistic relationships to describe the 
connections among system variables. It is mostly used to address uncertainty and to aid 
decision-making and social learning using quantitative and qualitative data. It has been 
applied to problems such as land use change (Bacon et al., 2002), Fisheries management 
(Levontin et al., 2011) and Pérez-Miñana et al., (2012) Greenhouse gas emissions 
management.  
 
• Coupled component models (CCM): This involves combining models from different 
disciplines or areas of concern to form an integrated model. It is useful for prediction, 
forecasting, system understanding/experimentation, decision-making and management, 
mostly based on quantitative data. It has been used in problems relating to Impact 
assessment of (agricultural) EU policies (Van Delden et al., 2010), Regional development 
(Rutledge et al., 2008) and Agricultural development (Lehtonen et al., 2007).  
 
• Agent-based model (ABM):  Agent-based models (ABMs) present the interactions 
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between mostly human autonomous entities in a system to aid social learning, system 
understanding/experimentation based on quantitative data. Previous areas of   
application include coastal zone land use (Filatova et al., 2011), recreational fishing 
management (Gao and Hailu, 2012) and emissions trading policy design (Zhang et al., 
2011).  
 
• Knowledge-based models (KBM): In this type of modeling approach, knowledge is 
encoded into a knowledge base and then an inference engine uses logic come to a 
conclusion. It useful for decision-making and management, prediction and forecasting 
based on quantitative and qualitative data (Letcher et al., 2013) . It has been used for frost 
damage to agricultural crops Chevalier et al. (2012) Cholera health risk (Fleming et al., 
2007) and Soil salinity (Giordano and Liersch, 2012). 
 
A review of each of these modeling approaches by Letcher et al, (2013) revealed some 
limitations and advantages in view of the aims of this work as shown below. Firstly, in the 
treatment of uncertainty, this is because of the emergent properties of the UK wood fuel 
sector and the need to develop resilience to change and uncertainty. Secondly, model spatial 
and temporal considerations are accessed because of the need for real life applications with 
explicit spatial and temporal dimensions of the sector. Thirdly, stakeholder participation 
abilities given the need to incorporate stakeholder perceptions and experiences in this work 
Treatment of Uncertainty: Uncertainty in IM models are derived from uncertainties in 
understanding how different processes interact, in the interpretation of data, measurements 
or model inputs and also in different perceptions of the system (Letcher et al., 2013; Hamilton 
et al., 2015). IM approaches such as the system dynamics (SD) and coupled components 
(CCM) agent based modeling (ABM) and have been shown to be limited in dealing with 
uncertainty (Letcher et al, 2013). For example, uncertainty in data and parameters are not 
explicitly tested in SD leading to outputs that do not represent real life behavior. For CCM, 
the effects of uncertainty are often large and complex in the underlying models so that they 
are not explicitly incorporated or tested in model outputs. For ABM, sensitivity analysis does 
not always address uncertainty adequately and unknown and less understood processes may 
affect prediction and forecasting results. On the other hand, BN are able to explicitly deal with 
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uncertainty in interpretation of data, measurements or conditions sophisticated KBM can 
account for sources of uncertainty especially with the use of fuzzy set theory in expert systems 
(Letcher et al., 2013). 
 
Spatial and Temporal Considerations: In SD, spatial considerations are limited or sometimes 
aggregated and temporal models often work with discrete time. For BN, most of its 
applications are not explicitly temporal or spatial and if considered are also lumped or 
aggregated. In CC, the integrated models do not always represent the same spatial and time 
scales. Further, Most KBMs are non-temporal and spatial rule-based models are less common 
than non-spatial systems. On the other hand ABMs are able to represent spatial features well 
dealing with spatial features such as organisational level dynamics as well as aggregated ones 
at regional or larger spatial scales (Letcher et al., 2013). 
 
Stakeholder Participation: SD has been used in participatory modeling and collaborative 
planning. However, there is a tendency that simply adding variables and interactions in “user-
friendly” SD model may lead to complexities that make the models to produce less useful and 
accurate results.  For CCM, the process of integrating models do not facilitate participatory 
model development and KBM have limited stakeholder participation because solutions are 
generated by using logic derived from expert knowledge. On the other hand, the ABM are 
very useful for developing a shared system understanding when working with stakeholder 
groups and most BN applications have been developed for decision-making under uncertainty 
which features a strong stakeholder participation.  
 
From the above, it can be seen that none of the integrated models are able to meet all three 
criteria. For this work, a framework or model is required that explicitly addresses uncertainty 
derived from real life situations within specified spatial and temporal dimensions, based on 
stakeholder participation that go beyond adding inputs and variables to models but are based 
on a broader representation of values and perceptions taking into account experiences, 
culture, behavior and institutions in order to produce practical solutions and strategies. 
Therefore given the importance of stakeholder participation, the following section considers 
participatory integrated assessment (PIA) approaches. 
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2.3.2   Participatory Integrated Assessment  
Participatory Integrated Assessment (PIA) approaches has evolved from the broader field of 
Integrated Assessment (IA) with the aim to provide a better understanding of complex 
problems taking into account human interactions, governance and social implications in the 
face of uncertainty (Salter et al., 2010). PIA involves a broader and more explicit 
representation and inclusion of alternative sources of knowledge and experiences in the 
integrated assessment and decision-making processes of complex problems, in order to 
deliver practical and policy relevant solutions.  In terms of applications, PIAs have mostly 
been used to address climate change and related sustainability issues by applying them to 
Integrated Sustainability Assessment (Tabara et al., 2008; Rotmans et al. 2008) such as 
Impact Assessments and Multiple Criteria Analysis (Giamietro et al., 2006; Roca et al., 2008).  
 
The major methods used in the PIA process are scenario analysis and participatory integrated 
modeling which are facilitated using participatory research mechanisms such as focus groups 
and stakeholder workshops. The following briefly outlines these methods based on reviews 
by Salter et al., (2010) and Hamilton et al., (2015). 
 
Participatory scenario analysis: Scenario analysis in PIA involves the analysis and 
development of alternative coherent and possible futures scenarios based on people’s 
perception of the future as well as informed choices and decisions. Scenarios can be 
qualitative or quantitative in nature. 
 
Qualitative scenario analyses make use of collages and creative narrative storylines. However, 
achieving consistency and ensuring the feasibility of the creative ideas within the participation 
session is a common challenge. A second method is the mixed qualitative/quantitative 
scenario generation processes, which explicitly incorporate a quantitative component. For 
example, the analysis of previously prepared quantitative scenarios in a workshop. A key 
disadvantage to this type of scenario analysis is the tendency of the researcher to restrict the 
boundaries of discussion thereby limiting participant creativity. Thirdly an iterative 
development of scenarios through qualitative scenario workshop and subsequent translation 
into quantitative models is another PIA method. The advantage of this approach is that the 
knowledge, values, and wishes of the stakeholders can incorporated without the restrictions 
of pre-existing quantified scenarios. However, difficulties may arise if the qualitative scenarios 
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are not accurately translated into quantitative representations. It also involves considerable 
resources in terms of time and money and is dependent on the level of commitment required 
by the participants to attend multiple iterative workshops. Finally a fourth method is back 
casting, which starts with a desired endpoint and then work backwards to milestones and 
policy decisions that will achieve that future. An advantage of this method is that participants 
are less constrained by current thinking or current conditions, allowing for more creativity 
(Salter et al., 2010; Hamilton et al., 2015). 
 
For this work, however, participatory scenario analysis is not suitable. This is because the 
purpose is not to determine or to predict future. Rather it requires a method that can enhance 
the understanding of an existing system incorporating participant perceptions and values.  
 
Participatory integrated modeling: provides an opportunity for knowledge to be shared 
between scientist or modelers and stakeholders. There are two types of approaches to the 
use of models in participatory processes. They are the direct use of models by participants 
facilitated in a workshop and the indirect model, where model outputs are presented to 
evaluate participant scenarios, storylines, choices and decisions (Salter et al., 2010; Hamilton 
et al., 2015). Both approaches have advantages and disadvantages:   
 
Advantages of the direct use of models are firstly, it promotes social learning and helps to 
identify avenues by which collective actions can lead to desired outcomes. It also facilitates a 
transparent understanding of the system where temporal and uncertainty aspects of the 
system or issues can be communicated. Further it allows for the representations of people 
views, values and beliefs through the explicit use of storylines and narratives. On the other 
hand, disadvantages or challenges commonly observed are the need to simplify some models 
to engage properly with participants and at the same time maintain model credibility and 
accuracy (Salter et al., 2010; Letcher et al, 2013; Hamilton et al., 2015). 
 
For the indirect model, the main benefits are that it allows the participants to focus on 
qualitative and creative ideas because different model iterations and runs do not inhibit 
them. However, its challenges include the need to ensure the consistency, feasibility and 
plausibility of the different options. Also there is a lack of transparency of model assumptions 
in the indirect model. Finally both indirect and direct participatory modeling approaches 
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require considerable time to conduct multiple iterations of qualitative (participation) and 
quantitative (modeling) process (Salter et al., 2010; Letcher et al., 2013; Hamilton et al., 
2015). 
 
The suitability of participatory integrated modeling for this work depends on the 
development of a novel type of modeling approach that is designed to meet the aims of this 
work, given that the common modeling approaches identified above, have been found to be 
limited. Also the common participatory mechanisms employed such as focus group and 
stakeholder workshops need to be examined for their suitability. This is discussed in chapter 
3, the methodology chapter.  
 
The following however highlights key general challenges of participatory integrated 
assessment (PIA) processes and their outcomes (Salter et al., 2010; Letcher et al., 2013; 
Hamilton et al., 2015). 
 
• PIA processes need to produce outcomes that are plausible and feasible so that they can 
be applicable to real life situations.  
• PIA outcomes need to be have more impact on policy processes by addressing 
institutional barriers that prevent PIA policy relevant material such as reports and 
strategies from being incorporated into policies processes  
• PIA processes need to go beyond quantitative and model generated constraints and 
choices to engage with real life and more qualitative human, capital and institutional 
constraints and uncertainties that may limit the feasibility and plausibility of different 
scenarios and outcomes.  
• There is a need to move from larger (in the case of climate change, global) scales to more 
regional and local levels to facilitate policy relevant and actionable recommendations.  
 
In accordance with the limitations and challenges of Integrated Assessment (IA) modeling 
approaches and Participatory Integrated assessment (PIA) approaches identified above, an 
extensive review of participatory and integrated assessment approaches identified 10 salient 
dimensions, which should be addressed according to the context and purpose of the research 
(Hamilton et al., 2015). These include issues of concern, management options and 
governance arrangements, stakeholders, natural systems, human systems, spatial scales, 
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temporal scales, disciplines, methods, models, tools and data and sources and types of 
uncertainty. These were further grouped into three categories as shown in Table 2 by 
Hamilton et al., (2015).  
Table 2 - Dimensions of Integrated Assessment  
Dimensions of Integration Assessment Categories 
Issues of concerns: This refers to the need to address inter-
dependent issues simultaneously. For example, an 
environmental problem has an impact on natural and human 
issues as well as social, economic and justice and welfare 
issues. 
 
 
 
 
 
 
Key drivers for 
integration 
Stakeholders to be involved:  Stakeholders are individuals or 
interest groups that are affected by the problem, as well as 
those with the expertise and information to understand the 
issues and those politically responsible for them. 
Governance settings: This refers to interventions designed 
and carried out to influence system processes (micro and 
macro) towards a goal.  Governance may include: public or 
private action; by an individual, an organization or the 
government. Interventions are combinations of 
management and administrative instruments and measures. 
Measures are “on the ground” changes that contribute to 
achieving objectives. 
Human systems: refers to all human aspects relevant to the 
problem, and may include population factors, skills, choices 
decision, information, politics, organisations, culture, 
technology and economic factors. 
 
 
 
 
 
 
 
 
Aspects of the 
system to be 
integrated 
Natural systems: This dimension relates to the integration of 
components of the biophysical systems of interest (climate, 
land, water, atmospheric and/or ecological systems). 
Spatial scale: There are different spatial scales at which the 
various important processes of a system occur or can be 
represented by data or a model. The system's drivers, 
characteristics and processes at one scale are important 
determinants of environmental conditions at subordinate 
scales 
Temporal scale: Processes can occur over timeframes 
spanning minutes to hours or less (e.g. some biological or 
chemical functions), or days to weeks (e.g. ecological 
processes), whilst others may occur over years (e.g. 
socioeconomic processes), decades or longer (e.g. species 
assemblage shift, climate change). Issues observed at a given 
scale are influenced by factors in a broader scale or by 
factors in a finer scale all within a system. 
Sources and types of uncertainty: There are different 
sources of uncertainty in an IA process, e.g. at the 
identification of issues process, also as a result of the 
integration of different models and tools. There are also 
different levels: ranging from determinism to total ignorance 
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and the nature of uncertainty may be stochastic, epistemic 
or ambiguous. 
Methodological 
aspects to be 
integrated Models, methods and data: This dimension concerns the 
technical integration of different methods, models, other 
tools and data from various disciplines and/ or representing 
different processes or perspectives 
Disciplines: Complex problems require integration of 
knowledge, information and expertise from a broad range of 
disciplines (e.g. ecology, economics, hydrology, 
geomorphology, engineering, computer science, sociology, 
political science and psychology). 
  Adapted from Domac et al., (2005). 
In view of the 10 salient dimensions in Table 2, two key participatory integrated assessment 
applications that have been used in bioenergy systems are examined. These are the impact 
assessment methods and multi-criteria analysis.  
2.3.3   Impact Assessment methods  
Environmental Impact assessment (EIA) was the first form of the impacts assessment 
methods.  It originated in the United States of America during the 1970s, in response to the 
National Environmental Policy Act (NEPA) of 1969 (UNEP, 2002). Since then, environmental 
impact assessment has become the key component of environmental planning and decision 
making worldwide. Further, due to the need to better understand and predict the social and 
economic consequences of projects, programs and policies, the social impact assessment 
(SIA) was developed and used in conjunction with EIAs. According to the international 
Association of impact assessment (IAIA, 2003, p.1):  
“Social impact assessment (SIA) includes the processes of analysing, 
monitoring and managing the intended and unintended social consequences, 
both positive and negative, of planned interventions (policies, programs, 
plans, projects) and any social change processes invoked by those 
interventions. Its primary purpose is to bring about a more sustainable and 
equitable biophysical and human environment”   
Social impact assessment (SIA) is sometimes referred to as Socioeconomic impacts 
assessment as a way to explicitly express the social and economic components of SIA 
assessments (Mackenzie, 2007; Van Ejick et al., 2012). Mackenzie (2007, p.2) defines it as:  
“Socio-economic impact assessment (SEIA) is the systematic analysis to 
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identify and evaluate the potential socio-economic and cultural impacts of a 
proposed development on the lives and circumstances of people, their families 
and their communities”  
Thus, SIA and SEIA are based on the same principles and the terms are used interchangeably 
In over a decade, broad guidelines for the practice of social impact assessment (SIA) have 
been developed (IAIA 2003; UNEP 2002). Based on these documents, the Van Ejick et al., 
(2012) of the global-bio-pact project developed a socio-economic impact assessment 
framework in an attempt to identify the socio-economic impacts of proposed bioenergy 
conversion chains. This was based on a the following processes:  
Scoping and issues identification: Social and economic issues must be identified as well as 
the geographic and temporal aspects of the study.  
Determining the social and economic baseline: There must be a good understanding of the 
impacted community or communities and the general socio-economic conditions in the 
project area.  
Predicting and analysing impacts: The assessment must be able to project what the social 
and economic impacts may be, including the effect of potential interactions between factors 
and over the lifetime of the development. 
Determining significance: There must be an assessment of the importance of the social and 
economic impacts of the project. 
Mitigation, management and monitoring: Once impacts and their significance are 
understood, decisions must be made about whether the project should proceed. If so, 
measures must be identified to avoid or lessen negative impacts and maximize positive 
impacts (mitigation). Management of the mitigation needs to occur and on-going monitoring 
of the projects effects must be carried out to ensure thresholds are not crossed. 
As an integrated assessment framework, the SIA utilises most of the dimensions in Table 2 Its 
‘scoping and issues identification’ stage as well as ‘determining the baseline’ stage can be 
linked to the issues of concerns and stakeholder involved and spatial dimensions. Its 
prediction and analyses of impacts’ stage involves the temporal, natural, and human 
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dimensions and the ‘mitigation, management and monitoring’ stage is linked to the 
governance and intervention applied dimension. However a recognised limitation and an area 
for improvement in Impact assessment methods including the SIA is in the treatment of 
uncertainty (Walker et al., 2003; Tennøy et al., 2006; Wood, 2008; Duncan, 2008; Wilklund, 
2011 and Duncan, 2013, Lueng et al., 2014). Given the broad definitions of uncertainty, a 
recent review by Lueng et al., (2014) indicated three areas of uncertainty research which 
include:  
1) The treatment of uncertainty in the practice of IA, such as uncertainty in impact predictions 
2) Uncertainty communications and disclosure as well as decision making under uncertain 
situations  
3) Human behaviour with respect to uncertainty avoidance.  
 
The review revealed that majority of research (90%) addressed only the first aspect of 
uncertainty research with 9% and 1% of research publications dealing with the second and 
third areas respectively. The paper concluded by calling for further conceptual framework 
development for researchers focused on identifying and addressing uncertainty in IA practice; 
the need for guidance on how best to communicate uncertainties in practice, instead of just 
criticising practitioners for not doing so as well as research that explores how best to interpret 
and use disclosures about uncertainty when making decisions. Lastly, academic theory 
building was proposed by exploring the utility of existing theories to better understand and 
explain uncertainty avoidance behaviour in IA.  
In this research, it has been observed that uncertainty and risks are characteristics of 
emergent wood fuel supply chains. Based on the areas of uncertainty research identified 
above, this work will be more concerned with the second aspect especially decision making 
under uncertain situations. This is because the development of the sector is dependent on 
the willingness of investors, developers and suppliers to enter the market, based on an 
assessment of the potential risks and rewards (Elghali et al., 2007). Therefore, the less than 
adequate manner and the limited treatment of this aspect of uncertainty research in impact 
assessment methods, including the SIA, is a drawback to its application in this work. 
Moreover, the SIA relies on traditional socioeconomic methods to determine impacts such as 
the CBA as well as the I-O methods (Appiah, 2012). As shown earlier, these methods have 
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been shown to be limited in relation to the fragmented and emergent nature of wood fuel 
supply chains. In addition, supply chain interactions and information flows between actors as 
well as institutional governance, which have been identified as key factors for sector growth, 
are not adequately addressed in the SEIA. The governance aspects of the SEIA are concerned 
with measures and interventions, primarily to reduce negative impacts and also to maximise 
benefits in the community. Thus, it is limited in accessing supply chain interactions and sector 
wide institutional governance as means of determining how these can affect sector growth 
and development. Finally, the SIA is primarily used as a predictive normative decision support 
tool for the planning of future projects. This means that it is not particularly suited for 
research on existing systems. The following now considers multi-criteria participatory 
integrated assessment frameworks. 
2.3.4 Multi-criteria Analysis 
Multi-criteria (MCA) or multiple-criteria decision analysis (MCDA) is a sub-discipline of 
operations research, which helps decision makers to use multiple criteria to structure and 
analyse problems and different outcomes based on the choices of stakeholders (Belton and 
Stewart, 2002). MCA methods can be classified as Multi Objective Decision Making (MODM) 
approaches and Multi Attribute Decision Making (MADM).  MODM approaches start with a 
set of objectives e.g. reducing emissions or deriving socioeconomic benefits and then 
determines an optimized scenario. On the other hand, MADM approaches start with a set of 
scenarios or options, which are aligned with a set of principles to determine the best option 
(Buchholz et al., 2009; Scott et al. 2012).  MADM approaches can be further differentiated 
into (i) value measurement models, (ii) goal, aspiration, and reference-level models, and (iii) 
outranking models (Belton and Stewart, 2002; Buchholz et al., 2009). A review of current 
types of MCA models and methods can be seen in Scott et al., (2012). The MCA process 
normally includes the following steps (Belton and Stewart, 2002; Scott et al., 2012): 
(1) Problem definition 
(2)  Evaluation of a set of criteria 
(3)  Generate alternatives  
(4) Evaluate dominance of alternatives  
(5)  Apply criterion weights  
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(6) Rank alternatives  
(7)  Perform a sensitivity analysis  
 
According to Bucholz et al., (2007), MCA’s greatest strength might lie in its ability to integrate 
normative judgments (e.g. stakeholder opinion) and technical expertise (e.g. quantitative 
data). MCA can help decision makers realise what is feasible (e.g. maximize societal 
environmental benefits) and at what associated costs or sacrifices (e.g. increased power 
costs) (Scott et al., 2012). The iterative process of MCA helps learning in stakeholders and can 
assist in stakeholder integration and communication of complex decisions. They are also 
particularly valuable in situations where there are limited or variable information and a 
systematic derivation of informed decisions requires many participants with different 
expertise and interests (Mendoza and Prabhu, 2005). 
In terms of IA, the MCA process incorporates all ten dimensions in varying degrees. In 
particular, it is able to address uncertainty and risks (Bucholz et al., 2007), which may arise 
from a number of sources such as inconsistent stakeholder preferences, randomness and 
imprecision of the process. To deal with this, MCA utilises sensitivity analysis, stochastic or 
probabilistic approaches and fuzzy sets. More importantly for this research, it allows the 
stakeholder and decision makers to: 
(i) Identify and evaluate risks in ever changing environments based on their risk 
perception. 
(ii)  Integrate their own values 
(iii)  Gather as much information as possible encompassing all stakeholders, 
components, and interactions of the bioenergy system (Buchholz et al., 2007).  
 
Also, there are varieties of methods to measure risk through MCA (Millet and Wedley, 2002). 
In considering scale, the MCA is also able to handle different perspectives that come with 
different scales, applying an MCA for modelling a bioenergy system can therefore deal with 
bioenergy systems on scales ranging from local (e.g. small-scale power plants) to national or 
international (e.g. bioenergy policies). Furthermore, it has also been used to determine the 
sustainability of the system, which includes economic viability, social acceptability and 
environmental performance (Elghali et al., 2007; Scott et al., 2012). Scott et al., (2012) 
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provided a comprehensive review of MCA applications to the bioenergy sector. For example, 
Terrados et al., (2007) used a multi-criteria analysis to determine that large biomass resources 
were one of the major strengths for the domestic provision of renewable energy in a region 
in Spain. Also, Buchholz et al., (2009) reported social criteria as being decisive to the outcome 
of each MCA process.  
In spite of the usefulness of MCA approaches, they do have some constraints, which may limit 
its usefulness for this work. Firstly Buchhloz et al., (2009) noticed that different types of MCA 
tools produced different rankings for a particular scenario, indicating some inconsistency in 
the development and applications of these tools.  More importantly, the final result of a MCA 
process is typically a preferred option or alternatives, usually indicated by a single preference 
index. This may be regarded as too simple and limited in providing explanations for a 
particular choice (Scotts et al., 2012). Also, it does not consider the factors or resources 
necessary to deliver the preferences such as skills, infrastructure, local    conditions as well as 
the implementation of local and regional and national regulations. For instance Buchhloz et 
al., (2009), found that social issues such as training needs; lack of knowledge for a sustainable 
firewood management plan as well as planning and monitoring needs were important criteria 
in his MCDA analysis in Uganda, suggesting that further research was required to consider 
how to explore and optimise these social implications. In terms of policy and regulation 
impacts, the MCA approaches are somewhat limited. Although the MCDA approach can be 
used to examine policies given a set of criteria, it does not consider the how the governance 
and implementation of these policies as well as information flows can impact on ability of 
these policies to achieve welfare or benefit. These issues have been identified in the previous 
section as important factors to be considered in this work. In general, it is noted that the MCA 
process is not configured to provide unique solutions (Mendoza and Prabhu, 2003). According 
to Mendoza and Martins (2006), the emphasis of MCA techniques is in structuring the 
problem, where informed decision is a secondary outcome. In this work, the intention is to 
go further than identifying problems to providing strategies and solutions for sector 
development. Therefore, the emphasis on problem structuring in MCA approaches limits its 
usefulness for this research.  
 
Finally, Scott et al., (2012) identified gaps in the MCA research regarding bioenergy systems 
particularly in the management and operational phases of biomass supply chains. He noted 
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that shortcomings in the management and implementation of biomass supply chains have 
been an obstacle to project success. So there is a need to understand and evaluate the 
management of supply chain resources, its social impacts as well as determining and 
optimising the economics of supply chains. Thus, the paper identified the assessment of 
biomass supply chains as an important future research area, which may be addressed using 
principles of supply chain management to provide a more holistic treatment of the system. 
He also observed that there are unique aspects of bioenergy supply chains, which may require 
the development of novel approaches where traditional assessment methods including MCA 
methods prove inadequate (Scott el al., 2012). The need for a holistic bioenergy supply chain 
assessment in future research endeavours is very much in line with the intention of this 
research, which is to determine the factors and strategies for the development of the UK 
wood fuel sector based on an assessment of its fragmented supply chains.  
In summary, this section evaluated two major integrated assessment methods; the integrated 
modelling approaches and the participatory integrated assessment (PIA) approaches and was 
able to describe their various applications as well as their limitations and advantages for this 
work. Further two relevant participatory integrated assessment methods were assessed i.e. 
the socio-economic/social impact assessment method and the multi-criteria analysis 
methods. The socio-economic/social impact assessment was found to be less than adequate 
in dealing with uncertainty, which is one of the characteristics of emerging systems like the 
UK wood fuel sector. Further, it also relies on some of the traditional socioeconomic methods 
that have been found to be unsuitable for such a system. On the other hand, the multi-criteria 
assessment provides an opportunity for stakeholder to evaluate risks and uncertainty. 
However, it was limited in determining the impact of limited resources and policy 
implementation in achieving its preferences, which as a single index figure was also found to 
be limited in explaining the reasons for the choice. Finally, a major common shortcoming for 
participatory assessment approaches in general and for both methods in particular was the 
need to go beyond quantitative and model generated constraints and choices to engage with 
real life and more qualitative human, capital and organisational constraints as well as 
institutional and supply chain governance. Since supply chains are the key units of analysis in 
this work and the management/operational phases of bioenergy supply chains have been 
identified as important areas of future research, this review now examines if some supply 
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chain management tools can be applied to this work.  
2.4 Supply Chain Management  
A supply chain can be defined as activities associated with the flow and transformation of 
goods from raw materials stage (extraction), through to the end user. It also involves the flow 
of information, services and finances, facilitated by a set of three or more entities, which 
could be organisations or individuals (Handfield and Nichols 1999; Mentzer et al., 2001). 
Supply chain management (SCM) is the systemic and strategic co-ordination of activities using 
traditional business functions and the tactics across these business functions within a 
particular company and across businesses within the supply chain, for the purposes of 
improving the long-term performance of the individual companies and the supply chain as a 
whole (Mentzer et al., 2001).  
 
For bioenergy systems, McComick and Kåberger, (2007) recognise that supply chain 
management requires a system perspective, which involves the optimisation of the structure 
and functioning of the supply chain/network, adjusted to the specific conditions of the 
production system (given the wide variety of bioenergy supply chains). However, the 
challenge for emerging wood fuel and bioenergy supply chains in the UK is that there is a lack 
of understanding of the appropriate and optimum supply chain design for wood fuel and 
bioenergy supply chains (Hamelinck et al., 2005; Lioyd and Dey, 2014). However, in other 
sectors, especially in the food and manufacturing sectors, several supply chain management 
(SCM) studies have examined the supply chain structures, optimisation and design of the 
different supply chains using quantitative methods such as surveys, simulations and 
optimization techniques (Asgari, 2016).  For example, Azanizawati and Andrews (2014), used 
questionnaire surveys to determine the different supply chain strategies that could be aligned 
to different types of food products. Further, Papegeorgiou (2009) describes several 
applications of mathematical and simulation models for supply chain optimisation in the 
process industry and in the chemical industry, Menezes et al. (2015) applies and discusses the 
challenges of mathematical modelling in the petroleum energy sector. In the case of 
bioenergy systems, in particular wood fuel systems, a key challenge is that wood fuel supply 
chains are relatively small and varied operations. Therefore, performance indicators and 
universal standards for quantitative modelling purposes are not easily identified and applied. 
Further, it is observed that optimal supply chain design especially for bioenergy systems are 
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determined by governmental and regional factors and context.  According to Hull, (2005), 
optimal supply chain design are context specific that requires unique configurations of 
supply chain resources within a particular context. This is especially the case for sustainable 
supply chain management (SSCM). 
In the last decade, Sustainable Supply Chain Management (SSCM) has emerged in response 
to climate change and sustainable development concerns and the need for supply chain 
actors to take environmental, social, economic and stakeholder issues into account, whilst 
maintaining competitiveness and customer satisfaction (Seuring et al., 2008; Carter and 
Rogers, 2008; Ashbey et al. 2012). A review of methodologies applied to SSCM by Ashbey et 
al., (2012), indicates that case studies and semi structured interviews were the dominant 
methodologies applied in sustainable supply chain management studies (SSCM) in contrast 
to supply chain management (SCM) studies as indicated above, which mostly rely on 
quantitative methodologies and modeling applications (Ashbey et al., 2012; Asgari et al., 
2016). This reveals a research focus on acquiring more qualitative rich information in order to 
understand the emergence of the field of sustainability supply chain management and also 
the need to consider the human and social aspects of sustainability (Suering et al., 2008; 
Ashbey et al., 2012). However, it has been observed that majority of the case studies were 
based on one or two firms (Suering et al., 2011; Ashbey et al., 2012) with early examples such 
as Seuring (2001) which identified the need joint initiatives to make the a polyester chain 
operationally feasible, and cost effective and Goldbach et al. (2003), which identified 
coordination as essential for starting and maintaining a supply chain in the textile industry.  
For multiple case studies with semi structured interviews, the following are a few examples 
Rueter et al., (2010) used semi structured interviews in four cases in the chemical industry to 
gain insights on the importance of purchasing and supply management capabilities in 
ensuring the corporate social responsibilities of its supply chain to gain competitive 
advantage. Further, Pagell and Wu, (2009) looked at ten exemplar organisations that employ 
socially responsible buying and Cox et al. (2004) was based on 12 case studies comprising of 
four stages in a rural cotton supply chain. 
In addition, mixed methods of case study analysis, semi structured interviews and surveys are 
applied in SSCM. For instance, Renting et al. (2003) determined the structure and 
relationships between producers and consumer relation ships in short food supply chains 
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(SFSCs) and their incidence and impact in Europe. Also, Ibery and May (2005) examined the 
sustainability of specialist food supply chains case studies using the SUSTAIN food criteria. 
Further, Bernet and Mcknight (2009) employed structured interviews to gain insights on 
industrial symbiosis and cooperation amongst firms in an industrial area. Lastly, Gold et al. 
(2010) employed a systematic review of published case studies to indicate the importance of 
inter-firm resources and capabilities as key sources of sustained competitive advantage.  
In conducting case study and qualitative research methods in supply chain management 
(SCM) and sustainable supply chain management (SSCM) studies, a number of limitations 
were observed, firstly; single case studies or studies with one or two cases are dominant with 
fewer examples of multiple case studies (Suering, 2008; Ashbey, 2012). Secondly, 
explanations or justification of case study choices are hardly presented in both SCM and SSCM 
studies (Seuring 2008; Seuring 2011). Thirdly, there is a tendency to concentrate and collect 
data on one focal company rather than the whole supply chain stages, although this is more 
prevalent in SSM studies. The literature on SSCM studies indicated some examples where two 
or more stages of the supply chain have been assessed especially in the food and textile sector 
(Seuring, 2008; Kogg, 2003). 
In terms of applications of these qualitative methods in both SCM and SSCM literature, the 
focus has been on examining and assessing product, performance and processes within 
specific situations (Seuring, 2011; Ashbey 2012). For SSCM, insights generated from case 
studies are mainly used in identifying the social and environmental aspects of products and 
processes and also highlighting the key role and of focal companies in ensuring environmental 
and economic performance (Seuring, 2011). However there is limited analysis on the supply 
chain relationships and how they can be used to address environmental and social 
sustainability (Asbey, 2012; Asgari, 2016). Supply chain collaboration and relationships are 
recognised as important to supply chain management but there are few real life insights on 
how these relationships can be used to influence environmental and sustainability goals 
(Ashbey, 2012, Asgari, 2016). Also Tokar (2010) states that organisation culture, relationships 
and trust as well as the impact of power within a chain are not fully understood.  
In the bioenergy context, it is recognised that the management and optimisation of the 
different aspects of bioenergy supply chain such as harvesting and collection, storage, 
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transport, pre-treatment and system design require tightly interconnected bioenergy actors 
(Suering and Gold, 2011; Yue et al., 2014). Further, Gold et al., (2010) stated that supply-
chain-wide co-ordination, relational governance and collaboration are key capabilities of 
competitive bio-energy systems as much as a well-designed logistics planning, scheduling and 
managing systems. Moreover, it was noted that the inter-dependencies go beyond actors 
involved in the supply chain to other relevant stakeholders such as regulatory authorities, 
local communities and the public in general (Buchholz et al., 2009; Suering and Gold, 2011; 
Lioyd and Dey, 2014; Mafakheri and Genus, 2014). However in spite of the importance of 
stakeholder/supply chain actors relationships and governance, a review of supply chain 
management research on bioenergy systems indicates that the management of supply chain 
relationships and other relevant stakeholder groups have been largely neglected (Suering and 
Gold, 2011) with few attempts like a mapping study of the actors and institutions of the wood 
fuel sector by Robinson, (2011) which only served as a visual aid to stimulate discussion on 
the barriers and drivers of wood fuel with very little empirical insight on how institutional 
governance relationships and interactions between stakeholders affect the growth and 
development of the sector. In accordance, Mafakheri and Genus, (2014) highlighted the 
general lack of institutional research for UK bioenergy.  In conclusion, there are calls for more 
empirical academic research on relationship and governance focused aspects of operating 
bioenergy supply chains (Suering and Gold, 2011; Mafakheri and Genus, 2014).   
Finally, given the increasing complexity and global nature of supply chains as well as the 
increasing incidence of natural disasters worldwide, Asgari et al., (2016) identified studies on 
human behaviour and decision processes as well as risk and disruption management as future 
research areas. For bioenergy in particular, sourcing for competitive feedstock and ensuring 
continuous supply, which is a key aspect of bio-energy chains is vulnerable to unstable natural 
events such as droughts and floods. Therefore, the reliability, ability and coordination of 
supply chains actors are essential to mitigate risks (Suering and Gold, 2011). 
To summarise, a recurrent research gap that has been identified in this review chapter so far, 
is the need to evaluate institutional and supply chain relationships and governance in   supply 
chains and in particular bioenergy supply chains. Other knowledge gaps include the need to 
determine the supply chain structure of UK bioenergy chain, end-user and stakeholder 
preferences as well as the impact of resource constraints on supply chain processes and its 
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viability and finally how to derive supply chain resilience in the face of change, uncertainty 
and risks. Supply chain risk management and resilience is now briefly considered in the 
following sections.  
2.4.1 Supply Chain Risk and Uncertainty Management  
Supply chain risk management is a research area, which grew from the need to evaluate risk 
management in supply chain management (Paulsson, 2004; Serhiy et al., 2009). It also refers 
to a management function that aims to identify the potential sources of risk, and to 
implement appropriate actions to avoid or contain supply chain vulnerability (Narasimhan 
and Talluri, 2009; Ghagde et al., 2012). 
Drawing from a wide variety of definitions, Ho et al., (2015, p.2), defines supply chain risks as:  
  
“The likelihood and impact of unexpected macro and/or micro level events or 
conditions that adversely influence any part of a supply chain leading to 
operational, tactical, or strategic level failures or irregularities”.   
 
Common supply chain risks proposed in the paper include macro risk, demand risk, 
manufacturing risk, supply risk and infrastructural risk (information risk, transportation risk 
and financial risk). When considering supply chain uncertainty, some authors regard it as 
being interchangeable with supply chain risks (Jüttner et al., 2003; Peck, 2006; Ritchie and 
Brindley, 2007). This is because in practice, many supply chain risks are associated with 
uncertainty so that managers have to deal with both issues together (Prater, 2005; McManus 
and Hastings, 2006; Sanchez-Rodrigues et al., 2008; Rodrigues et al., 2010; Simangunsong et 
al., 2012; Wang et al., 2013). Thus, Wang et al., (2014) refers to supply chain uncertainty and 
risk as the impacts, consequences, unexpected outcome and/or problems caused by 
incidents, disaster and/or errors which may harm the logistics performance of supply chains. 
A number of supply chain uncertainty and risks identified include 1) logistics uncertainty and 
risk, 2) information uncertainty and risk, 3) customer-related uncertainty and risk and 4) 
environmental uncertainty and risk (Sanchez-Rodrigues et al., 2010; Simangunsong et al., 
2012; Murugesan et al., 2013). 
On the other hand, Vilko et al., (2013) suggested that although supply chain risks and 
uncertainty are usually considered simultaneously and interchangeably, it is necessary to 
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further examine uncertainty as a concept in supply chains. This is because it has been 
observed that the concept of uncertainty may go beyond the traditional understanding, 
where it is associated with risk and generally regarded as the unknown probability of a risk 
occurring. So, on further examination, Vilko et al., (2013, p.1) defines supply chain uncertainty 
as:   
 
“Decision making situations in the supply chain in which the decision maker 
does not know definitely what to decide as he is indistinct about the 
objectives; lacks information about the environment or the supply chain, lacks 
information processing capacity; is unable to accurately predict the impact of 
possible control actions on supply chain behaviour or lacks effective control 
actions”.  
 
Based on the above definition, Vilko et al., (2013, p.3) suggests two main types of uncertainty 
namely: substantive uncertainty and procedural uncertainty. Substantive uncertainty refers 
to the “incompleteness of the information set” and is related to a “lack of information about 
environmental events” and “all the information which would be necessary to make decisions 
with certain outcomes”.  On the other hand, procedural uncertainty is the inability of the 
agents to recognise and interpret the relevant information, even when available”. It concerns 
“the competence gap in problem-solving” and “limitations on the computational and 
cognitive capabilities of the agents to pursue unambiguously their objectives, given the 
available information” As stated in the previous section, decision making under uncertain 
situations within an emerging industry will be considered in this work. Therefore drawing 
from Vilko et al., (2013), the impact of substantive uncertainty (lack of information) and 
procedural uncertainty (lack of competence) on the development and resilience of wood fuel 
supply chains will be examined.  
A recent review of the SCRM literature by Hoe et al., (2015) identified a number of research 
gaps to be considered. Firstly, it was suggested that the different risk types within an 
organisation need to be considered simultaneously rather than focusing on each type of risk 
in order to determine the joint impact of all the risks. Also, the relationships and inter-
dependences between them need to be examined. Secondly it was observed that of all risk 
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types, the impact of infrastructural risks, which is an important part of supply chain 
management, has largely been neglected. Thirdly, it was noted that there has been very 
limited application of supply chain risk management (SCRM) research on the renewable 
energy industry especially the bioenergy industry, which is particularly vulnerable to risks 
associated with accessing suitable and reliable biomass resources. Finally, it was suggested 
that there should be more efforts towards using primary data to investigate the practical 
applicability of the different SCRM models and conceptual models that have been developed 
in the SCRM literature.  
2.4.2 Supply chain Resilience  
Supply chain resilience is a relatively new area in management research that has evolved   
from supply chain risk management. The concept of resilience has been defined from the  
perspectives of different disciplines such as ecology, psychology, sociology and economic 
(Ponomarov and Holcomb 2009; Pettit et al., 2010). Drawing from a number of definitions 
proposed over the years (Wildavsky, 1988; Weick et al., 1999; Edmondson, 1999; Bunderson 
and Sutcliffe, 2002) as well as from the various disciplines reviewed, Ponomarov and Holcomb 
(2009, p.2) derives a multidimensional definition of supply chain resilience as follows:  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
“The adaptive capabilities of the supply chain to prepare for unexpected 
events, respond to disruptions, and recover from them by maintaining 
continuity of operations at the desired level of connectedness and control over 
structure and function”. 
 
Petit et al., (2010), further suggested that in a supply chain all firms rely on their suppliers to 
maintain smooth operations and their customers for continued revenue. Therefore, a 
resilient firm is truly only as resilient as its supply chain which is defined as the “network of 
companies involved in the upstream and downstream flows of products, services, finances 
and information from the initial supplier to the ultimate consumer” (Petit et al., 2010, p.3). 
The first widespread study on supply chain resilience began in the United Kingdom, following 
transportation disruptions from fuel protests in 2000 and the outbreak of the Foot and Mouth 
Disease in early 2001 (Cranfield University, 2003). At the time, the study explored the UK’s 
industrial knowledge base about supply chain vulnerabilities and discovered that; 1) supply 
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chain vulnerability and by implication supply chain resilience is an important business issue, 
2) little research and empirical work exists into supply chain vulnerability and resilience, 3) 
awareness of the subject is poor and 4) a methodology is needed for managing supply chain 
vulnerability (Cranfield University, 2003; Christopher and Peck, 2004). 
Furthermore, the study went on to define supply chain vulnerability as “an exposure to 
serious disturbance, arising from risks within the supply chain as well as risks external to the 
supply chain” (Cranfield University, 2003, p.2). According to Christopher and Peck (2004), the 
distinction between risks internal and external to the supply chain needs to be highlighted 
because it reflects the growing realisations that although there are risks associated with 
disturbances from the external environment such as wars, epidemics and earthquakes, 
modern supply chains are more at risk from internal disturbances due to a lack of 
understanding in managing relationships within the supply chain network and a failure to 
identify and mitigate vulnerabilities.  
  
Drawing from a range of previous studies on supply chain risk, notably Mason-Jones et al., 
(1998), Peck, (2004) as well as Christopher and Peck, (2004), supply chain risks are categorised 
into those internal to the firm linked with process and control, risks external to the firm but 
internal to the supply chain network dealing with demand and supply issues and risks external 
to the supply chain. In addition, Christopher and Peck (2004) established four key principles 
for resilience. These include: 1) resilience can be built into a system in advance of a disruption 
(i.e. re-engineering), (2) a high level of collaboration is required to identify and manage risks, 
(3) agility is essential to react quickly to unforeseen events, and (4) the culture of risk 
management is a necessity. Further, Ponomarov and Holcomb (2009) and Scholten et al., 
(2014) highlights the necessity of redesigning supply chains (supply chain re-engineering) to 
incorporate resilience, based on the factors proposed by Christopher and Peck, (2004) which 
include (1) supply chain understanding, (2) supply base strategy (risk awareness of suppliers), 
and (3) design principles for supply chain resilience based on strategic assessment of the 
trade-off between redundancy and efficiency. Other concepts of supply chain re-engineering 
discussed in other studies are density, complexity and node criticality (Craighead et al., 2007; 
Blackhurst et al., 2011; Cardoso et al., 2015; Kim et al., 2015). In subsequent studies, these 
key principles of supply chain resilience have been further developed and expanded to 
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include other characteristics (Kamalahmadi and Parast, 2016). In all, they include supply chain 
re-engineering, agility, availability, efficiency, flexibility, redundancy, velocity, and visibility. 
In order to fully characterise, understand and assess the functionality of these principles, 
different types of empirical research including case studies, interviews as well as surveys, 
simulations and mathematical modelling studies have been employed in different sectors 
notably the automobile industry, pharmaceutical and manufacturing industry as described in 
the next section.  
2.4.3 Principles of Supply Chain Resilience  
Firstly, flexibility and redundancy have been identified as key related factors to supply chain 
resilience. Flexibility is described as the ability to take different positions to better respond to 
abnormal situations and rapidly adapt to significant changes in the supply chain e.g. flexible 
transport systems, production facilities, supply base, capacity (Tang 2006, Yang and Yang, 
2010). On the other hand, redundancy involves having multiple suppliers, safety stock, 
overcapacity and backup suppliers (Shefi, 2005; Tang, 2006; Tomlin, 2006; Knemeyer et al., 
2009).  The strategic balance between these two characteristics is said to enhance effective 
resilience (Kamalahmadi and Parast, 2016). 
 
A number of studies have investigated the relative merits of flexibility versus redundancy. For 
instance, Zsidisin and Wagner (2010) used a survey method to determine that flexibility is 
more advantageous in extended supply chains and redundancy is more beneficial in risks out 
of control of the supply chain actors. Further, Jüttner and Maklan (2011) employed a 
longitudinal case study of three supply chains, with findings suggesting that redundancy helps 
to create flexibility and velocity. Another case study involving seven firm in different 
industries by Blackhurst, (2011) indicated that positive effects of redundancy in terms of 
holding inventory stock can be achieved by strategic positioning which avoids over stocking 
and finally, Carvalhoetal, (2012) used simulation to highlight the benefits of both principles 
to combat disturbances. However, it was noted that flexibility costs more and redundancy 
helped to improve lead times.    
 
Another important principle is collaboration. This refers to a high connectedness, 
collaboration, partnership and cooperation between supply chain actors, which is seen as 
essential for effective risk management (Christopher and Peck, 2004 and Pettit et al., 2010; 
45 
 
Wieland and Wallenburg, 2013). For instance, Wieland and Wallenburg, 2013 applied survey 
data and mathematical modelling in manufacturing firms in three countries with results 
suggesting that communicative and cooperative relationships have a positive effect on 
resilience. Further, insights from supply chain interviews by Min et al., (2005) indicated that 
efficiency, effectiveness, and improved market positions are positive outcomes from supply 
chain collaboration. Also, Bakshi and Kleindorfer (2009) in a case study discovered that 
cooperative contracts among partners in a supply chain leads to supply chain security and 
resilience and Soni et al., (2014) in a survey showed that collaboration is ranked second 
among fourteen enablers of supply chain resilience. A related factor to collaboration is trust. 
Ponomarov (2009) states that mutual trust increases buyer-supplier resilience. Also Wicher 
and Lenort, (2012) described a trusted network as a network where there is a certain degree 
of trust between the entities, where problems and challenges are openly discussed which is 
a requirement for   cooperative relationship and the enhancement of supply chain resilience.  
For agility, it is defined as “the ability of a supply chain to rapidly respond to change by 
adapting its initial configuration” (Wieland and Wallenburg, 2013, p.2). In a Volkswagen case 
study, Cabral et al., (2012) identified agility as the most important component of the business 
and it received the highest rank in the survey and mathematical modelling study conducted 
by Soni et al., (2014). Furthermore, Sullivan-Taylor and Branicki, (2011) discovered it to be the 
most important resilience capability derived from interviews with 11 SME decision makers. In 
relation to agility is the concept of velocity because it incorporates speed and time into agility 
(Prater et al., 2001; Wieland and Wallenburg, 2013). Jüttner and Maklan, (2011) in their 
longitudinal case study, states that velocity in a crisis determines the loss that happens per 
unit of time and determines the pace of recovery.  
Visibility is another principle, which is defined as “the identity, location and status of entities 
in the supply chain, captured in timely messages about events, along with the planned and 
actual dates/times of these events” (Francis, 2008, p.4). It is also defined as the “knowledge 
of the status of all operating assets and the environment” (Pettit et al., (2013, p.3). Supply 
chain visibility is facilitated by close collaboration and information sharing with customers 
and suppliers. (Christopher and Peck, 2004; Barratt and Oke, 2007; Soni et al., 2014). In 
particular, case study respondents in the Jüttner and Maklan, (2011) study emphasised that 
sharing risks and knowledge improves supply chain resilience. Further, interviews with 
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managers in a study by Blackhurst et al., (2005) and a case study with seven firms by 
Blackhurst (2011) indicated that visibility was critical in preventing disruptions   Visibility is 
also seen as a driver for agility based on surveys and subsequent mathematical modelling 
conducted by (Datta et al., 2007; Wieland and Wallenburg, 2013).  
Finally, Christopher and Peck (2004), states that organisations need to embrace a culture for 
SCRM in order to create resilience. Sheffi, (2005) stated that it is the key difference between 
successful and unsuccessful response to disruption. In particular, organisational and people-
oriented soft processes such as leadership vision and soft managerial practices such as 
effective communication and relationships within the organisation and with key customers 
and stakeholders have been identified as necessary for creating resilience (Barton and 
Christianson 2006; Seville et al., 2006). However, in SMEs, Ates and Bititci (2011) suggests 
that culture and change management for resilience is driven by rewarding employees and 
through internal communication activities with less emphasis on communicating with 
customers, competitors and suppliers in the management of change and culture. Finally, Soni 
et al., (2014) indicated that a risk management culture is one of the major facilitators of 
resilience along with agility, collaboration and visibility.  
This section now concludes by highlighting key research gaps identified in the supply chain 
resilience literature. These include a lack of an overarching framework for supply chain 
resilience, the need to consider resilience in small and medium size enterprise given that they 
are more vulnerable to disruption (Kalamadhi and Parast, 2016) and in this case wood fuel 
supply chains, which mostly comprise of SMES and also a lack of research for the development 
of policies that can help in mitigating vulnerability and enhancing capacities simultaneously 
(Elleuch et al., 2016).  
 
2.4.4 Building a supply chain resilience framework  
A study by Elleuch et al., (2016) reviewed the few models and frameworks that have been 
developed in relation to supply chain resilience. Initial observations showed that some of the 
studies did not explicitly apply the supply chain resilience principles described in the previous 
section and supply chain resilience itself was defined narrowly and according to the particular 
industry studied. For instance optimisation approaches such as inventory and transportation 
optimisation were employed by a number of studies to achieve ‘resilience’ (Sawik, 2013; 
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Kristianto et al., 2014). Also Ivanov et al., (2015) utilised a design and planning model to derive 
efficient restoration strategies to maximize resilience. In addition Xiao et al., (2014) used 
linear mixed integer programming for selected stations in a distribution network to minimise 
costs and maximise resilience. More explicit use of supply chain resilience principles were 
seen in some conceptual researches, which were more focused on investigating the concept 
of resilience in supply chains by proposing a number of supply chain resilience tools and 
strategies (Fiksel, 2003; Proper, 2011; Mensah et al., 2014) as well as examining the 
relationships between vulnerability and supply chain management (Jüttner et al., 2011) and 
the relationships between different units in a resilient supply chain (Proper, 2011). In 
addition, some empirical studies including case studies looked at the attributes and practices 
for improving resilience  (Demmer et al., 2011; Leat et al., 2013; Nikookar et al., 2014; 
Ambulkar et al., 2015;).   
For this work, the requirement was for a supply chain resilience framework that can be used 
to assess or measure supply chain resilience. This was the aim of some studies but they were 
focused on an aspect of the supply chain and were also more applicable to the particular 
industry studied. For instance simulation approaches were used for evaluating supply chain 
scenarios for improving supply chain resilience in relation to lead times (Spiegel et al., 2012) 
and in relation to global sourcing processes (Carvalho et al., 2012). Also a probabilistic 
approach was used for addressing the uncertainty of disruption in a resilient system 
(Abolghasemi et al., 2015; Cardoso et al., 2015).  Finally, a more comprehensive and widely 
applicable framework developed by Pettit et al., (2013) was identified and adapted for this 
work. It was selected because it considered all aspects of the system and was also easily 
applicable to most industries especially for small and medium size enterprises, which 
constitute most of the firms involved in the UK wood fuel sector. Also, it defined resilience in 
terms of a wide range of measurable variables of capabilities, which is the aspect that will be 
used in this work.  
 
The characterisation of chain capabilities in dealing with uncertainty, risks and vulnerabilities 
in risk management and resilience research have been applied by other frameworks however 
they had a narrow focus.  For example, Ponomarov and Holcomb (2009) utilised capabilities 
to assess resilience based on competitive advantage alone and Blackhurst et al., (2011) 
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developed capabilities mainly in terms of capital resources, which is only one aspect of 
possible capabilities. On the other hand, drivers of supply chain vulnerability were considered 
in Peck, (2005), Wagner et al., (2006) and Wagner et al., 2012). Whilst Wagner et al., (2010) 
and Vlajic et al., (2012), focused on assessing and quantifying a vulnerability index for control 
and monitoring and as a guide for process redesign respectively. The following section 
describes the development of the supply chain resilience framework by Petit et al., (2013).  
 
2.4.5 SCRAMTm : A supply chain resilience framework  
Building on the work reported in Christopher and Peck, (2004) and the Cranfield University 
study (Cranfield, 2003) as well as extensive literature reviews notably from Chapman et al. 
(2002), Peck (2005), Sheffi (2005) and Svensson (2004). Pettit et al., (2010) developed a supply 
resilient framework named SCRAMTM, which contains a set of supply chain vulnerabilities and 
capabilities based on supply chain resilience principles (Petit et al., 2013). Table 3 and 4 lists 
and defines these vulnerability and capability factors and their associate sub-factors. 
 
Table 3 - Vulnerability Factors 
Factors and definitions  Sub-factors 
Turbulence - Environment 
characterized by frequent changes in 
external factors beyond your control 
Natural disasters, Geopolitical disruptions, 
Unpredictability of demand, Fluctuations in 
currencies and prices, 
Technology failures, Pandemic 
Deliberate Threats- Intentional 
attacks aimed at disrupting 
operations or causing human or 
financial harm 
Theft, Terrorism/sabotage, Labour disputes, 
Espionage, Special interest groups, Product 
liability 
 
External Pressures- Influences, not 
specifically targeting the firm, that 
create business constraints or barriers 
Competitive innovation, Social/Cultural 
change, Political/Regulatory change, Price 
pressures, Corporate responsibility, 
Environmental change 
Resource Limits- Constraints on 
output based on availability of the 
factors of production 
Supplier, Production and Distribution 
capacity, Raw material and 
Utilities availability, Human resources 
Sensitivity- Importance of carefully 
controlled conditions for product and 
process integrity 
 
Complexity, Product purity, Restricted 
materials, Fragility, Reliability of equipment, 
Safety hazards, Visibility to stakeholders, 
Symbolic profile of brand, Concentration of 
capacity 
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Connectivity- Degree of 
interdependence and reliance on 
outside entity 
Scale of network, Reliance upon information, 
Degree of outsourcing, 
Import and Export channels, Reliance upon 
specialty sources 
Supplier/Customer 
Disruptions-Susceptibility of suppliers 
and customers to external forces or 
disruptions 
Supplier reliability, Customer disruptions 
 
Table 4 - Capability Factors 
Factors and Definitions Sub-factors 
Flexibility in Sourcing- Ability to 
quickly change inputs or the 
mode of receiving inputs 
Part commonality, Modular product design, 
Multiple uses, Supplier contract flexibility, Multiple 
source 
Flexibility in Order Fulfilment- 
Ability to quickly change 
outputs or the mode of 
delivering output 
Alternate distribution channels, Risk 
pooling/sharing, Multi-sourcing, Delayed 
commitment/Production postponement, Inventory 
management, Rerouting of requirements 
Capacity Availability-
Availability of assets to enable 
sustained production level 
Reserve capacity, Redundancy, Backup energy 
sources and communications 
Efficiency- Capability to 
produce outputs with minimum 
resource requirements 
Waste elimination, Labour productivity, Asset 
utilization, Product variability reduction, Failure 
prevention 
Visibility Knowledge of the 
status of operating assets and 
the environment 
Business intelligence gathering, Information 
technology, Product equipment and people 
visibility, Information exchange 
Adaptability -Ability to modify 
operations in response to 
challenges or opportunities 
 
Fast rerouting of requirements, Lead time 
reduction, Strategic gaming and simulation, Seizing 
advantage from disruptions, Alternative 
technology development, Learning from 
experience 
Anticipation -Ability to discern 
potential future events or 
situations 
 
Monitoring early warning signals, Forecasting, 
Deviation and near-miss analysis, Risk 
management, Business continuity/preparedness 
planning, Recognition of opportunities 
Recovery -Ability to return to 
normal operational state 
rapidly 
Crisis management, Resource mobilization, 
Communications strategy, Consequence mitigation 
Dispersion- Broad distribution 
or decentralisation of assets 
 
Distributed decision making, Distributed capacity 
and assets, Decentralisation of key resources, 
Location-specific empowerment, Dispersion of 
markets 
Collaboration -Ability to work 
effectively with other entities 
for mutual benefit 
Collaborative forecasting, Customer management, 
Communications, Postponement of orders, Product 
life cycle management, Risk sharing with partners 
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Organisation- Human resource 
structures, policies, skills and 
culture 
Accountability, Creative problem solving, Cross-
training, Substitute leadership/empowerment, 
Learning/benchmarking, Culture of caring 
Market Position Status of a 
company or its products in 
specific markets 
Product differentiation, Customer 
loyalty/retention, Market share, Brand equity, 
Customer relationships, Customer communications 
Security Defence against 
deliberate intrusion or attack 
Layered defences, Access restrictions, Employee 
involvement, Collaboration with governments, 
Cyber-security, Personnel security 
Financial Strength Capacity to 
absorb fluctuations in cash flow Insurance, Portfolio diversification 
 
The capability factors are the aspect of the framework that will be adapted and used to assess 
the supply chain resilience of the UK wood fuel supply chains. The vulnerability factors will be 
derived in this research, in relation to shortcomings in the capability factors in the supply 
chain, so that there is a direct link between the capability factors and the vulnerability factors. 
Further details on how the framework is adapted and employed including the limitations are 
discussed in chapter 4. 
As stated above, an adaptation of the SCRAMTM resilience framework would be used to 
address most of the supply chain resilience issues related to risks and uncertainty identified 
in this review chapter. However, there are other shortcomings and research gaps in the 
approaches examined so far that still require a suitable approach or methods to address. 
These include the need to determine the supply chain structure of bioenergy chains given its 
emergent and fragmented nature, the impact of resource constraints such as natural 
resources, skills and infrastructure on supply chain processes and its viability as well as a 
recurrent research gap which is institutional governance and supply chain relations in 
bioenergy supply chains. In addition, the need to understand end-user and stakeholder 
preferences as well as the impact of supply chain actor decisions on the development and 
resilience of the sector have been highlighted as critical factors to be considered.  These issues 
help form the objectives of this work and they require an integrated people-centred approach 
that can evaluate all these aspects holistically. The following section now considers the value 
chain analysis because it is people focused, examines supply chain structure as well as the 
impact of internal and external relationships and governance on different supply chain actors. 
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2.5 Value Chain Analysis (VCA) 
Value chain analysis (VCA) refers to a tool developed by the Institute of Developmental 
Studies. A value chain could be defined as the full range of activities required to bring a 
product or service from conception, through the different stages of production, delivery to 
end users and final disposal after use (Kaplinsky and Morris, 2001). Another term used to 
describe the value chain is the value system which according to Porter, (1985), are inter-
industry linkages. He describes the value chain itself as the various links within a production 
chain and the services that support production which could include human resource 
management and technology development. Womack and Jones (1996) refer to the value 
chain as a value stream, while Gerrefi, (1994) describes it as a global commodity chain. As 
described above, these terms essentially refer to the various stages that bring a product from 
conception to production, use and disposal. These activities may be within a region, country 
or across countries or continents. There are two aspects of the value chain analysis that are 
useful for this research. These include value chain mapping and the governance pattern 
analysis. 
Value chain mapping is a heuristic tool, which describes the value chain of a product or 
service. It also provides insights on the supply chain structure including the types of 
enterprises within supply chains and how they are linked. This aspect has been earlier 
identified as a fundamental requirement for the UK wood fuel sector given its emergent 
nature (Yue et al., 2014). It provides data on the number of workers in each chain, skill 
composition, and type of work, part-time or full time, wages as well as the number and type 
of end-users or customers. Thus, it provides a better understanding of the activities within 
the chain and generates data by mapping out the flow of goods and services (Kaplinsky and 
Morris, 2001). 
Also, VCA offers the opportunity to analyse how the supply chain is governed. Governance in 
the value chain refers to inter-firm relationships (internal governance) and institutional 
mechanisms (external governance) through which coordination of activities in the chain takes 
place. Internal governance between firms in the value chain could reflect a power asymmetry 
where some firms referred to as lead firms, take the responsibility for inter–firm division of 
labour and influence the activities and benefits of other supply chain actors. This type of 
governance involves the setting and enforcement of product and processes standards to be 
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met by various actors performing specific functions in the chain (Gerrefi, 1999). It also 
involves monitoring performances, linking the discrete activities in the chain and managing 
relationships between different actors within the chain (Humphery and Schmitz 2001; 
Kaplinsky and Morris, 2001).  
Humphrey and Schmitz (2001) further describes different patterns of inter-firm governance, 
these include arms-length governance; where the interactions between the buyers and 
suppliers are at arm’s-length and are dictated by the market, thus governance is not exhibited 
in this type of chains. Secondly, there is balanced network: where no firm exerts control over 
the others and dealings are among equals. Thirdly, directed network: this could be either be 
buyer driven or producer driven where a lead firm tends to specify what is to be produced by 
whom and monitors the performance of the producing firms. Finally, value chain governance 
could also be hierarchy where firms are vertically integrated, so that a lead firm controls all 
or most activities of the subsidiaries within the chain. Table 5 describes the criteria used in 
determining the different mode of governance between firms in the supply chains (Sims, 
2006). 
Table 5 - Governance Patterns and Criteria 
Governance Pattern Criteria 
Market based/ Arm’s 
length 
 
Many customers/many suppliers 
Repeat transactions, low information exchange  
No technical assistance or contracts  
Balanced Network Supplier has customers in contracts  
Partnerships and sharing of resources  
Intense information flow in both directions 
Both sides have capabilities hard to substitute 
Resolve problems through negotiations rather than threats or 
exits 
Directed network 
Buyer 
driven/producer 
driven 
Customer or producer defines the products (design and technical 
specification 
Main customer or supplier takes or supplies at least 50% of 
output  
Monitoring of performance 
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Adapted from (Sims, 2006). 
For external and institutional governance, Kaplinsky and Morris, (2001) describes three types 
of governance pattern. These include the legislative, judicial and executive governance. 
• Legislative governance: refers to the establishment of rules, parameters and 
standards to set by institutions or governmental bodies to govern the chains. This type 
of governance also determines the criteria for supply chain participations. These may 
include environmental standards, child labour standards, performance standards and 
also International standards such as the ISO standards e.g. ISO 14000 on environment 
and ISO9000 on quality.  
• Judicial governance: refers to the coordination and monitoring of conformance to a 
set of parameters as well as implementing sanctions on non-conformance. For 
example monitoring of labour standards by NGOs, specialised firms monitoring 
conformance to ISO standards. 
 
• Executive governance: is a form of proactive governance which provides assistance to 
value chain participants to meet the operating rules and standards, e.g. external 
producer associations managing and training the various links in the value chain to 
meet standards. Also specialised consultants providing Government industrial policy 
support. 
 
In addition to analysing governance patterns, VCA provides a means of benchmarking 
production efficiency using Critical Success Factors (CFC). CFCs are the requirements of the 
different end users and market segments and they include factors that are referred to as 
“order qualifying” and “order winning” (Kaplinsky and Morris, 2001).  The former refers to 
requirements producers need to meet in order to participate in the chain and the latter refers 
to the critical factors that make particular firms/ chains lead.  
Providing technical assistance and support 
Hierarchy Vertical integration of several chain stages within the firm 
Supply enterprise is owned by customer 
Limited autonomy to make local decisions, instructions from 
head quarters required. 
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 From the above, VCA provides a better understanding of the structure, relationships and 
activities between firms. For instance, Wang et al., (2015) found significant interrelationships 
between support and primary activities in a bio-coal value chain which suggests that emphasis 
should not be on only the core value/primary activities of the bio-coal business, but also on 
“side values”/support activities.  VCA also helps to determine the terms under which different 
producers participate in the chain and the assistance they receive, which could have an 
impact on their returns and on the systemic efficiency of the whole chain. For example Sims 
(2006) showed that firms with greater power and influence in the supply chain tended to have 
greater profits and paid better wages. However, this pattern was not observed in all the 
chains because of the different contexts in which these chains were embedded.  An 
understanding of the governance of these chains would reveal the avenues by which 
government policies, external rules and certification standards would be implemented within 
the chain and also to identify who or where policy or government bodies could exert 
pressures for compliance. For example, Hamiliton-Hart and Stringer (2015) applied the value 
chain analysis to determine the impact of institutional and internal governance on the market 
structure of a fishing industry. 
For the purposes of this research, VCA provides helpful information on how the inter-firm 
structures, linkages as well as internal and external relationships within UK wood fuel supply 
chain can have an impact on the social and economic benefits of actors, which will in turn 
have an impact on sector growth and resilience. However, the example from Sims (2006) 
illustrates that other contextual factors also have an impact. Thus governance patterns and 
the supply chain structure alone are not the sole determinants of rewards and supply chain 
development. According to Kaplinsky (2001), VCA provides important insights but it does not 
tell the whole story; resource availability, macro and micro level factors, institutional 
contexts, local conditions as well as risks, vulnerability, environmental, and social contexts 
have to be considered in line with the objectives of this work. Therefore although the value 
chain analysis meets some of the requirements of this work. Another people-centred 
developmental approach namely the Sustainable Livelihood Approach is also investigated for 
the purposes of this work.   
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2.6 Sustainable Livelihoods Approach 
In the United Kingdom, the Sustainable Livelihood Approach (SLA) was brought to the fore by 
the 1997 White Paper on International Development, which called for an emphasis on 
sustainable livelihoods in the UK’s International Development Programmes for the 
elimination of poverty. The aim was to develop sustainable livelihood strategies, which 
promote human development and conserves the environment (DFID, 1997). A detailed 
overview of the various other sources and influences to the emergence of livelihood thinking 
in the UK public discourse and the evolution of the sustainable livelihoods approach over time 
can be seen in Morse et al., (2009) and Scoones, (2009).  
There are many definitions of sustainable livelihoods; however most of them are variations 
of the widely used definition provided by Chambers and Conway (1992, p.7), which states 
that:   
“A livelihood comprises the capabilities, assets (stores, resources, claims and 
access) and activities required for a means of living; a livelihood is sustainable 
which can cope with and recover from stress and shocks, maintain or enhance 
its capabilities and assets, and provide sustainable livelihood opportunities for 
the next generation; and which contributes net benefits to other livelihoods 
at the local and global levels and in the short and long-term”. 
 
The definition highlights some of the core principles of the approach. Firstly the focus on 
‘means of living’ places people in the centre of the analysis. Accordingly, one of the main 
tenets of the DFID sustainable livelihoods approach states that it is people rather than 
resources that are the priority in the livelihood approach (DFID, 2012). However, it is noted 
that although the welfare of people are the underlying motivation in the approach, livelihoods 
can only be sustainable with the proper management of assets such as environmental, 
financial, human, infrastructural and other resources within a holistic context (DFID, 2012).  
This holistic analysis of factors that affect livelihoods is also one of the core concepts of the 
SLA approach, because it realises that there are linkages between various factors that affect 
the livelihood of individuals. Therefore, the analysis and integration of different capitals in 
the SLA approach is an attempt to identify the linkages and influence of available or scarce 
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capital on the livelihoods of individuals.  This approach also aims to take into account the 
changes and dynamics of various factors that affect peoples’ livelihoods over time in order to 
learn from changes and help mitigate negative experiences and promote positive outcomes. 
It can also help to build on the current strengths available to individuals by first identifying 
these strengths as well as the avenues by which these strengths can be exploited to gain 
socioeconomic advantages. The linking of macro and micro level policies on the activities in 
the development of livelihoods are also aspects of the SLA approach that are necessary to 
understand the impact of macro level policies on people livelihoods (DFID, 2002). 
Finally, for livelihoods to be sustainable, the SLA approach recognises the need to analyse the 
resilience of these livelihoods to external shocks and stresses, for example in terms of change 
in policy, natural disasters and competition etc. According to Sneddon, (2000) a livelihood can 
be classified as sustainable, when it is resilient in the face of external shocks and stresses, not 
dependent upon external support, able to maintain the long-term productivity of natural 
resources and when it does not undermine the livelihood options of others.  
SLA has been widely used by a variety of bilateral, multilateral and non-governmental 
organisations such as the DFID, FAO, UNDP, the World Bank, World Food Programme), as well 
as international NGOs (e.g., CARE, Khanya, Oxfam, SID). These projects were implemented at 
different scales ranging from multi country sectorial planning projects, national planning 
projects to community/village based planning (Hussien, 2002). Sustainable livelihood thinking 
was also used in these developmental agencies for monitoring and evaluating livelihoods as 
well as various institutional and policy process analysis projects which helped to determine 
what different policy programmes meant for livelihoods (Scoones, 2009). Similarly, research 
consortiums have adopted sustainable livelihoods thinking in their research design. This 
approach also helped researchers to explicitly highlight assets available to the poor and 
helped to emphasise the significance of institutional barriers on livelihood improvement 
(Carney, 2002). This approach was also used for different sector strategies in improving 
livelihoods such as forestry, water, fisheries, and urban development amongst others. It also 
added a livelihood perspective to global issues such as the impact of HIV aids and influenced 
some complex emergencies, conflict and disaster recovery strategies (Scoones, 2009). 
57 
 
Although the SLA has been found to be a very useful and versatile framework, it does have its 
shortcomings. It has been criticised for its limited engagement with markets and the private 
sector, which is necessary because markets are critical to livelihoods of the poor (Hussien 
2002). Furthermore, the SLA is typically applied across different sectors, this makes it poorly 
aligned to deal with the governmental and institutions, which are normally organised along 
sector lines. Finally, Scoones (2009) points out that to be more relevant, the SLA needs to 
engage with more current issues such as environmental and sustainability problems as well 
as changes in rural economies rather than a narrow focus on poverty reduction. 
The application of the SLA approach to wood fuel supply chains in this research is directly 
linked to the global concern for the environment and potential changes in local communities 
in the future. This is because wood fuel provides renewable energy as well as new sources of 
livelihoods for rural communities. Thus, providing a wider and more relevant agenda for the 
sustainable livelihood approach. For this research, the SLA provides a people-centred 
framework, which is able to consider the impact of resource constraints such as natural 
resources, skills, infrastructure and local conditions, as well as the implementation of local, 
regional and national regulations, thereby linking micro level and macro level policies and 
governance systems. It is also able to identify vulnerability factors and areas of uncertainty 
that may impact on the ability to derive socioeconomic benefits, supply chain resilience and 
sector growth.  
In summary, this chapter has been involved with the evaluation of a range of relevant 
assessment approaches to determine how they could be employed to meet the aims of this 
research. This has highlighted gaps in knowledge and research that needed to be addressed, 
so they helped form the objectives of this research. Finally, based on the gaps in knowledge 
and research discovered, two tools from developmental studies namely the value chain 
analysis and the sustainable livelihoods approach as well as supply chain resilience 
approaches were examined and found to meet different aspects of the research objectives. 
Thus, it is proposed that all three approaches can be combined to form a novel framework to 
meet the aims and objectives of this research. Chapter 3 will describe and justify the research 
design and methods employed in this work. Subsequently, chapter 4 will describe the 
development of the novel framework. 
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Chapter 3:  Methodology and Research Design 
3.1 Introduction 
In this chapter, I will set out the overall research design of this work. Firstly, the conceptual 
phase described in chapters 1 is briefly outlined, followed by the justification and explanation 
of the research design. Afterwards, the research methods and research instruments 
employed are described as well as the strategies employed to ensure the validity of the 
research.  
3.2 Research Rational and Design   
I began this research by questioning why the UK bioenergy sector, in particular its wood fuel 
sector had low deployment levels despite its importance in reducing UK carbon emissions and 
providing renewable heat. I also wanted to find out how to stimulate the growth and 
resilience of the sector.  
These enquiries prompted an initial review of the sector as outlined in chapter 1, using grey 
and academic literature as well as documented stakeholder perceptions, to determine the 
structure of the sector as well as the barriers to sector growth and development. The review 
revealed that socioeconomic factors were particularly important and that these factors 
depended on a range of other factors such as a human, physical, infrastructural and natural 
resources limitations as well as flawed implementation and governance of some major 
policies and institutional/organisational processes. In addition, the sector was found to be 
vulnerable to change and uncertainty, partly caused by a lack of long term commitment from 
both government and individuals as well as a lack of understanding of its fragmented and 
intertwined supply chains. Given the wide range of complex and underlying issues affecting 
the sector and the key roles of actors, the challenge and aim of the research was to explore 
the impact of these issues in a holistic manner based on the perceptions of actors and 
stakeholders, in order to derive factors and strategies necessary for the growth and resilience 
of the sector. To facilitate this, I conducted a literature review of relevant approaches and 
tools in chapter 2, which revealed research gaps and limitations in each of the approaches 
based on the aim of the research. This is because some of the factors were not adequately 
considered in these approaches and more importantly the research required a constructivist 
paradigm. Constructivists recognise the importance of human creation of meaning. It argues 
that humans generate their own understanding and knowledge of the world, through 
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experiencing things and reflecting on those experiences. Thus, constructivism is built upon 
the premise of a social construction of reality. Therefore based on a constructivist paradigm, 
this research explores underlying factors and dynamics as well as stakeholder perceptions 
and actor decisions. This approach led to the identification of two people-centred approaches 
namely the Value Chain Analysis and the Sustainable Livelihood Approach. As each of these 
approaches provide particular insights, I decided to combine them to form the major 
components of a novel framework in addition to a supply chain resilience analysis, which was 
chosen because of the emergent nature of the sector.  
3.2.1 A Review of Constructivism Research Designs  
There are a number of research designs based on a constructivist paradigm, which can be 
employed in the development and application of the novel framework on the UK wood fuel 
sector. These include grounded theory, ethnography, phenomenology, and action research 
as well as case study research.  A review I conducted to determine the suitability of these 
research designs for this work is briefly outlined below. Firstly, I found out that grounded 
theory was unsuitable because the main purpose of this type of research is to generate or 
discover a theory through systematic data collection and analysis of data pertaining to 
phenomena (Glaser and Strauss, 1967). The development of theory is not part of this research 
aims although it will contribute to the theoretical advancement of related approaches by 
meeting identified gaps.  Further ethnography was found to be unsuitable because it is more 
concerned with the recording and analysis of a culture or society, usually based on 
participant-observation and resulting in a written account of people, place or institution 
(Gertz, 1973). This, I considered to be out of the scope and context of this research, although 
understanding the institutional context of the UK wood fuel sector is part of this research’s 
objectives. Further, I found phenomenology to be limited because it is primarily concerned 
with the direct investigation and description of phenomena as it is consciously experienced, 
without theories about their causal explanation. It primarily relates to human experiences in 
the present (Giorgi, 1997). Although this research is concerned with actor perceptions and 
decisions, it forms only part of the research objectives and it is not only concerned with the 
present experience, rather, it involves a reflection of perceptions and decisions in the past 
and present aimed at determining strategies for the future. Furthermore, action research was 
investigated, however it was found to be limited because it is mainly an applied research with 
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an emphasis on solving particular problems by recommending appropriate social action or 
strategies to improve problem solving (Greenwood and Levin, 2007). Also, there is limited 
engagement with the development or advancement of theories, which is one of the potential 
contributions of this work.  At the end of this review, I decided to select the case study 
approach because it is a flexible research design that can deal with complex issues in a real 
life context. The following provides more details and justification of the case study approach.  
3.3 The Case Study Approach 
 In this section, I lay out the rationale for choosing a case study approach and also the 
justification of the case study choices.  By definition, a case study is a research method that 
is used to generate an in-depth, multi-faceted understanding of a complex issue in its real-life 
context. It is also said to allow for the exploration of individuals or organisations, 
relationships, communities or programs, using a variety of data sources (Yin, 2003). Further, 
a case study is usually employed to answer ‘why’ or ‘how' research questions and it is 
particularly relevant when the context of the study is important and the behavior of those 
involved cannot be manipulated (Yin, 2003). In terms of its philosophical basis, the case study 
approach is based on a constructivist paradigm as earlier stated (Stake, 1995; Yin, 2003). 
Constructivists recognise the importance of human creation of meaning. It argues that 
humans generate their own understanding and knowledge of the world, through 
experiencing things and reflecting on those experiences. Thus, constructivism is built upon 
the premise of a social construction of reality (Searle, 1995).  
Drawing from the description of the case study approach and its philosophical underpinnings 
above, I explain why a case study approach is suitable for meeting the aims and objectives of 
this research.   
• Firstly, the overall research question and aim of this work is to examine why 
the UK bioenergy sector and particularly the wood fuel sector is still in a 
nascent state and then to determine ‘how’ the growth and resilience of the 
sector can be stimulated. From the above, this ‘why’ and ‘how’ questions in 
research, where the context is important as it is in this work, is what a case 
study approach is designed to investigate.  
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• Secondly, given that the UK wood fuel sector is relatively underexplored and 
fragmented, a case study approach will offer the opportunity to examine the 
sector in more detail, describing the different components of the sector as well 
as the relationships between them. This constitutes the one of the objective 
of this work, which is to determine the structure of UK wood sector, mapping 
out the actors as well as its organisational configurations.  
•  Thirdly, the ability of case study approaches in dealing with multifaceted 
complex issues in a real life context will prove to be useful here, because of 
the complex issues associated with the resilience and development of the 
sector.  
• In addition, its emphasis on real life context is particularly suited for this work 
because the development and the resilience of UK wood fuel sector is 
determined by local real life contexts as well as the perceptions and decisions 
of actors.  
• Finally, the people centred approach proposed for this work is in line with the 
constructivist paradigm, because it aims to understand the experiences and 
perceptions that affect actor decisions so that strategies and factors necessary 
for sector development and resilience can be determined. 
 
3.3.1  Case study Critics and Proponents  
Although the case study approach is an established research methodology, it is not without 
its criticisms. Flyvbjerg, (2006) summarises and discusses five misunderstandings of the case 
study approach derived from a wide range of critics such as Campbell and Stanley, (1966), 
Abercrombie, Hill and Turner, (1984), Roth, (1989), Benhabib, (1990), Rouse (1990), White, 
(1990) and Mitchell and Charmaz, (1996). Table 6 outlines these criticisms and the 
corresponding arguments in favour of the approach from various proponents.   
 
Table 6 - Justification of the Case Study Approach 
CRITICISMS 
(Flyvjberg, 2006) 
JUSTIFICATION 
‘General 
theoretical 
The case study produces the type of context dependent 
knowledge that research shows to be necessary for learning in 
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(context-
independent) 
knowledge is 
more valuable 
than concrete, 
practical (context-
dependent) 
knowledge in case 
studies’  
humans (Cragg, 1940; Christensen, 1987). 
 
In the study of social science only context dependent 
knowledge exists, as it is not possible to generate general, 
context-independent theory in the field, hence the importance 
of case studies in social inquiry (Campbell, 1975; Hans Eysenck, 
1976; Ragin and Becker, 1992; Flyvjberg, 2001). 
‘One cannot 
generalize on the 
basis of an 
individual case; 
therefore, the case 
study cannot 
contribute to 
scientific 
development.’ 
 
In natural and social sciences, carefully chosen experiments, 
cases, and experience were necessary for scientific 
development as evident in the works of Newton, Einstein, and 
Bohr for physics as well as the use of case study in the work of 
Darwin, Marx and Freud (Ragin and Becker, 1992).  
 
In the same manner, the ability to generalise from a case study 
is dependent on how the cases are chosen strategically. In 
social science, it is observed that more discoveries have been 
derived from intense observation than from statistics applied 
to large groups (Kuper and Kuper, 1985).  
 
Further generalisation is said to be is only one of the many 
avenues to gain knowledge. Therefore, if knowledge cannot be 
generalised it is still able to be used as part of accumulated 
knowledge (Thomas Kuhn, 1987). 
‘The case study is 
most useful for 
generating 
hypotheses; that 
is, in the first stage 
of a total research 
process, whereas 
other methods are 
more 
suitable for 
hypotheses testing 
and theory 
building’ 
This is in relation to the second criticism because it supposes 
that case studies cannot be used for generalisations and hence 
cannot be used to test hypothesis.  
 
In addition to the points raised above. It can be added here 
that comparative case studies can be used as are alternative 
means to the end of testing theories, hence the ability to 
generalise in case studies and be useful for hypothesis testing 
can be increased by the strategic choice of cases (Flyvjberg, 
2006).  
 
Also Eckstein (1975) argues that case studies are actually very 
valuable at all stages of the theory-building process especially 
at the stage of theory or hypotheses testing because of the rich 
information case studies can provide.  
‘The case study 
contains a bias 
toward 
verification, that 
is, a 
tendency to 
confirm the 
Bias is a fundamental human characteristic (Bacon, 1853) and it 
is not related to case study alone.  Other methods also have an 
element of bias. For instance in the choice of categories and 
variables for quantitative investigations to be used across large 
samples (Flyvjberg, 2006). 
 
The close nature of case study inquiry helps it to test views 
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researcher’s 
preconceived 
notions’ 
 
directly, as such it will be difficult to hold on to preconceived, 
assumptions, concepts   notions and bias in the face of close 
evidences to the contrary (Flyvjberg, 2006). 
 
Researchers have reported that in the course of case studies, 
their assumptions and hypothesis were wrong and have 
needed to be revised. Campbell (1975), Ragin (1992), 
Wieviorka (1992), Geertz (1995), Flyvbjerg (1998, 2001).  
‘It is often difficult 
to summarise and 
develop general 
propositions 
and theories on 
the basis of 
specific case 
studies ‘   
 
The difficulty in summarising relates to the process of 
conducting a case study and the type of cases required for the 
study rather that an effect on the case study outcome 
(Flyvbjerg, 2006). In some cases, summarising may not be 
desirable, a dense case study may have resulted from the need 
to explain a complex problem in detail rather than summarising 
it. Accordingly, Peattie (2001) states that the value of a case 
study i.e. its contextual and interpreting nature may be lost in 
trying to summarise it into different concepts.  
 
With respect to social issues and policy interventions, It is 
observed that in social sciences, narratives derived from case 
studies are better in stimulating policy and civil intervention 
(MacIntyre,1984; Abbott, 1992). Thus, it is useful in answering 
questions on ‘what am I to do’ 
 
Narrative inquiries by their nature do not start with explicit 
theoretical assumptions. Instead, they begin with an interest in 
a particular issue and then develop description, and 
interpretations of the phenomenon from the perspectives of 
different stakeholders participant or researchers, and others 
(Flybjerg, 2006). 
 
The refutations of the five misconceptions and the justifications of the approach outlined in 
Table 5 serves to further strengthen the rational for applying a case study approach in this 
work and also help in structuring the research design in order to effectively apply the 
approach as outlined below.    
From the first point, given that this research is a people centred study based on a real life 
sector in the UK, it has its roots in the social science field, which is driven by mainly context 
dependent knowledge that can be provided by case studies. Since the aim of this work is to 
highlight and suggest strategies and factors necessary for the development and resilience of 
the UK wood fuel sector as a whole, strategically chosen case studies that aid generalisations 
are necessary as highlighted in the second and third points. To this end, I employed an 
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instrumental case study approach using multiple case studies. An instrumental case study 
helps to provide insight into an issue, where typical or atypical case studies are chosen with 
the aim of understanding a phenomenon, as required in this work. This is in contrast with the 
intrinsic case study, where case studies with particular traits that are of interest to the 
researcher are chosen and studied (Stake, 1995).  
From the fourth point, though bias is not a problem for case studies approaches alone, I took 
valid steps, to avoid it and any wrong preconceived notions. For instance, I employed   
triangulation of different sources of information in this work to avoid bias and to improve the 
validity of the approach. These are described in detail later in this chapter. Finally from the 
fifth point, I derived narratives based on stakeholder experiences and perceptions including 
information on where and who can implement the suggested strategies and interventions for 
the UK wood fuel sector.  
3.4 Types of supply chains in the UK wood fuel sector  
In this section, I outline why I chose to conduct the research at the supply chain level and then 
I describe the different types of wood fuel supply chains. Supply chains can be considered to 
be at the micro/firm level of analysis compared to the sector (meso level) and national (macro 
level). I decided to choose the micro/firm level of analysis because in line with the objectives 
of this work, it will be enable me to capture how the different structure of supply chains, 
intra-chain governance patterns, resource and capital availability, risks and change factors as 
well as the decision and perception of stakeholders, can impact on different supply chain 
resilienceand hence sector resilience and growth. However, I also considered the impact of 
meso level (sector level) and macro level (national level) institutions and policies as they affect 
the different supply chains and the sector.  
Different wood fuel supply chains make up the UK wood fuel sector, based on the main types 
of wood fuel used in providing renewable heat in the UK. These are the wood pellet, wood 
chip and wood log supply chains. Together they provide 73% of renewable heat (DECC, 2013). 
As stated in chapter 1, the focus of this research is on wood fuel for the production of 
renewable heat, this is because the provision of heat constitutes about 47% of the total UK 
energy consumption (DUKES, 2016) and the de-carbonisation of heat supply is one of the key 
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priorities of the UK Government’s energy policy (DECC, 2009; DECC, 2013). The following 
describes these three main types of wood fuel supply chains. 
3.4.1  Wood Pellets  
Wood from pellets can be derived from a variety of sources including reclaimed and waste 
wood, sawmill co-products, energy crops (such as willow grown as short rotation coppice) 
and forest thinning. In 2008, around 539, 000 oven dry tonnes (odt) of wood pellets were 
supplied in the UK (Forestry Commission, 2009b). The joint wood energy enquiry (2014) 
indicate that domestic production of wood pellets amounted to about 354,000 tonnes in 
2013, with imports set to be 3,389,000 tonnes and 106,000 tonnes for exports. Consumption 
of pellets in the UK occurs on both the large and small scale. At the large scale, it is estimated 
that the majority of pellets manufactured and imported are co-fired with coal for the 
production of electricity. At the small scale, householders and smaller commercial properties 
are increasingly consuming pellets for space heating. Pellets are not generally used for the 
production of heat and power in Combined Heat & Power Plants and for the production of 
heat in District Heating schemes, which are more likely to be powered by woodchips than 
pellets (National Energy Foundation 2009).  
 
Wood pellet production in the UK commenced gradually in 2002 with the establishment of 
small to medium manufacturing wood pellet production companies, with the largest 
producing capacity of about 10,000 tonnes p.a. However, in 2005, the first large scale pellet 
production facility was established producing about 55,000 tonnes per annum (The National 
Energy Foundation, 2009). Currently, there are about 9 UK pellet manufacturing plants with 
production capacities ranging from 10,000 tonnes per annum to 70,000 tonnes per annum. 
These companies also trade the pellets they produce as well as about 15 other stand-alone 
companies that are only involved in the pellet trading (UK pellet council, 2016). In general, 
manufacture of pellets in the UK is done at the large scale to take advantage of economies of 
scale. Although, there are a number of small scale pellet manufacturing equipment or plants 
in the UK. Given that the scope of this research is limited to the provision of renewable heat, 
the international pellet trade, which mainly supplies the renewable electricity market, is not 
addressed in this work.  
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3.4.2 Wood chips  
Wood chips can be derived from all wood fuel resources such as small round wood from 
forestry thinning, energy crops and sawmill offcuts. They are the most commonly used type 
of wood fuel for space and water heating in the UK. In 2008, around 1,121 oven dry tonnes 
(odt) of wood chips were supplied as wood fuel in the UK (Forestry Commission, 2009). Like 
wood logs, current wood chip specific data after 2009 are unavailable and these figures 
should be treated with caution. Also, wood chips are contained in the fuel wood statistics 
generated by the joint wood energy enquiry, (2014). Currently, most of the chips used for 
biomass heating in the UK are produced in the UK. However, there also appears to be about 
92,345 tonnes of coniferous woodchips being imported into the UK possibly from Ireland, 
Netherlands and to a lesser extent, sub-saharan Africa and the United States (UKTradeinfo 
(HMRC), 2013; Hogan, 2013). Wood chip end users typically have larger heat load, adequate 
storage space and are relatively close to the wood fuel resource because of the transportation 
cost of the wood chips, which are less energy dense compared to pellets. Ideal wood chip 
users include hotels, schools, hospitals, airports, universities, stadiums, care homes and 
district heating networks. Currently, all of the chips used for biomass heating are produced in 
the UK. 
Wood can also be chipped at different scales. Small-scale chip production can be setup by 
individual household or estates that have access to a forestry resource that use the wood chip 
for own use. Large scale are typically stand-alone commercial business that contract out the 
chipping operation and coordinate and manages the supply of wood chips and then may offer 
some consultancy service on the installation and maintenance of the wood fuel supply system 
to end users.  
 
3.4.3 Wood logs  
Logs can also be produced from pruning and forest thinning in traditional and unmanaged 
forests, short rotation forestry as well as arboriculture arising and sawmill- co products (slab-
wood and offcuts). Reliable data on the amount of log and firewood produced and used in 
the UK is limited mainly because of the dispersed and sometimes informal nature of the wood 
log industry. In 2008, the Forestry Commission attempted the first survey to obtain 
provisional statistics on the use of logs. This indicated that about 125,000 odt of logs were 
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supplied in the UK (Forestry Commission, 2009). However more recently in 2016, a domestic 
wood fuel survey, (DECC, 2016) revealed that domestic wood fuel consumptions have 
previously been underestimated in the UK by a factor of three. The figures indicated that 
renewable heat generated from domestic wood fuel amounted to about 22.2TWh and that 
90% of domestic wood users used logs compared with other wood fuels such as pellets, 
briquettes, waste wood and wood chips which are used sparingly in the domestic sector. 
Wood log also contributes about 50% of all renewable heat generated from all sources 
including heat pumps in 2015 (DUKES, 2016).   
The survey from DECC, (2016) also revealed that 19% of respondents purchased wood from 
a general supplier, 19% were given, 16% were purchased from a specialist supplier and 31% 
was sourced from the informal “grey” wood market; comprising of gathered wood and wood 
from own land, which are particularly difficult to estimate. The survey also highlighted some 
constraints in obtaining the statistics. For example, wood logs are traded in a wide variety of 
units, such as cubic metres, small pick-ups, tonnes and different sizes of bags as well as 
baskets, which complicates any attempt to quantify supply and consumption. Also there are 
uncertainties about the moisture content and length of heating seasons (DECC, 2016). For 
imports, the Forestry Commission reported that the firewood industry imports generally 
consist of individual containers, which typically contain about 20-24 tonnes of stacked, kiln 
dried hardwood. Total imports for the year 2012 were reported to be up to about 8,400 
tonnes (Hogan, 2013). 
In terms of domestic end use appliances, the wood survey revealed that almost half of 
appliances were closed stoves (wood burners) and 40 per cent were open fires with very few 
pellet stoves, manual or automatic boilers (DECC, 2016). Other log end users include 
restaurants which have wood-fired ovens. There has been an increased uptake in wood 
burning stoves over the past decade. More than one million UK homes are already using wood 
burning stoves and fireplaces and annual UK sales of more than 175,000 units have been 
reported (Stoveonline, 2014). 
Log production can be handled at different scales. Small scale production of logs is usually an 
additional value adding stream to an arboriculture or woodland management company which 
uses up waste from arboriculture activities as well as from farm and rural woodland 
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management either for own use or supply intermittently to a limited number of customers. 
It could also be woodland owners making use of their own trees in small-scale productions. 
Medium scale operations also feature large woodland owners producing logs for own use and 
sale to established customers. Also, it could be a log producing stand-alone company and a 
part-time operation of a small arboriculture company. Larger scale operations could be a 
stand-alone company with a full operation processing logs from purchased timber, large-scale 
log operations, sawmill co-products and woodland management. These may require specialist 
log production equipment for larger volumes of logs. 
3.5  Case Study Selection  
 As stated earlier, I decided to employ an instrumental case study approach because it is 
designed to provide insight into an issue and help with understanding a phenomenon using 
typical or atypical case studies. In this work, multiple case studies based on typical cases in 
the UK wood fuel sector are selected. This will allow me to compare across the different cases 
and will also aid generalisation because they are strategically chosen as typical cases. Given 
that there are three major types of supply chains based on the wood fuel products, three case 
studies were chosen representing the three major types of supply chains namely the wood 
pellet, wood chip and wood log supply chains. Also, there were other practical constraints 
and considerations that affected the final choice of each particular case study as outlined 
below.  
The wood pellet supply chain was the last case study to be studied. This was because at the 
beginning of this research in 2008, there was only one established large-scale wood pellet 
plant, which proved difficult to access, as the company was not interested in my research at 
the time and felt that the information I required was commercially sensitive. Subsequently 
with time, other companies became established. So in 2013, I started contacting these new 
companies as possible case study choices. This also proved to be difficult as none of the 
company directors were willing to engage after several messages and emails from me. They 
cited different reasons such as the commercially sensitive nature of my request as before, as 
well as time constraints and also queries and uncertainties about my affiliations and 
intentions. This was not surprising given that they were newly established and were wary of 
external requests for information. Eventually in late 2014, I met one of the directors of a 
bioenergy consulting company at a wood fuel conference, who helped me to establish contact 
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with the Managing Director of a typical large-scale UK pellet manufacturing plant that was 
affiliated to his company. The company is a typical large-scale UK pellet manufacturing plant 
that also trades its pellet and supplies individual houses and business for space and water 
heating. 
The wood chip supply chain was the first and easiest case study to gain access to for my 
research.  This was because the Managing Director had direct links with the Centre for 
Environment and Sustainability since 2007 and often collaborated with us on a number of 
bioenergy research projects I was involved in as a research officer. Therefore, when I started 
my PhD programme, it was easy to gain access and derive information from the Managing 
Directors and other relevant employees. The company is a large-scale stand-alone 
commercial wood fuel supply and consultancy business contracts out its chipping operation, 
but it coordinates and manages the supply of wood chips and offers consultancy service on 
the installation and maintenance of the wood fuel supply system to end users.   
For the case of the wood log supply chain, I initially approached a large-scale operator for the 
case study. However, after the initial contact and interview, subsequent contacts were 
denied. The reasons my initial contact offered was that he was unable to justify the time and 
effort he expended for my research in relation to the benefits to the company to his 
Managers.  This was a set back but I forged ahead and eventually established contact with a 
medium scale log supply chain, which forms part of a sawmill in a woodland estate. I was 
introduced to the manager of the wood log supply enterprise, through the one of the wood 
chip case study employee. Further details of all the case studies and data collection process 
are provided later in this chapter and in the subsequent case study chapters of this thesis. 
3.6 Data Sources and Research instruments  
Multiple sources of data were employed and used as a form of triangulation (Yin, 1984).  The 
sources of data include primary and secondary sources of data as outlined below: 
• Primary sources of data include a series of semi-structured interviews with supply 
chain actors, personal visits and observation of sites as well as semi structured 
interviews based on a survey of groups of key sector actors.  
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• Secondary sources of data include policy documents, organisational and institutional 
websites, statistical information and other relevant literatures.  
 
From above, it can be seen that semi-structured interviews were the primary research 
instruments used in this work. The following outlines my rationale and reasons for using semi 
structured interviews instead of the other types of interviews and why focus groups were not 
employed in this work to derive primary data. It also outlines some of the key secondary data 
sources and why they were consulted.  
There are three types of interviews that can be employed in qualitative research (Mack et al., 
2005). These are unstructured, structured and semi-structured interviews. (Mack et al., 
2005). According to (Edwards and Holland, 2013), semi structured interviews consist of 
several key questions that may be arranged in order to help to define the areas to be 
explored, but also allows the interviewer or interviewee to diverge in order to pursue an idea 
or response in more detail. Therefore it allows for the discovery or elaboration of information 
that is important to participants but may not have previously been thought of as pertinent by 
the researcher. Also, semi-structured interviews are also often preceded by observation, 
informal and unstructured interviewing in order to allow the researchers to develop a keen 
understanding of the topic of interest necessary for developing relevant and 
meaningful semi-structured questions and reliable comparable data (Edwards and Holland, 
2013).  
I considered these key features of the semi-structured interviews compared to other types of 
interviews when constructing my research design. Firstly, the use of pre-determined 
questions was important for my research because it allowed me to adequately plan for the 
interview and determine key questions that need to be addressed. I also sent the interview 
questions to the respondent beforehand so that they will be prepared and be aware of the 
main issues to be discussed.  This feature of the semi –structured interview is in contrast to 
the unstructured interview, where questions are not pre-determined and an initial open-
ended question and its response guides the interview process. The disadvantage of un 
structured interview for my work is that it does not prepare or guide the respondent and it 
can be time consuming, requiring more subsequent interviews which may not have been 
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possible for some of my case study and sector respondents. On the other hand, the structured 
interview also features pre-determined questions but they are usually not open-ended 
questions and there is no scope for variation or further elaboration. The inflexibility of the 
structured interview is not appropriate for a case study research because of the lack of depth 
and exploration of issues (Mack et al., 2005). This was the major reason why I chose the semi 
structured interview because it allowed me to use open-ended questions and provided the 
opportunity for me to highlight, discuss and understand emergent issues during the interview. 
It also allowed my respondents to freely express their views and experiences in their own 
way. Finally, to ensure that the questions in my semi-structured interviews are meaningful 
and comparable, initial observations and personal visits as well as secondary sources of 
information were consulted before the development and administration of the semi-
structured interviews.  
As stated earlier, focus groups were not employed in this work even though it could have 
provided a good opportunity to derive extensive data in a short time and also to observe and 
compare the interactions and perspectives of different case study and sector respondents in 
relation to others (Mack et al. 2005). However it was considered not to be appropriate for 
this work because of a number of reasons. Firstly, although I would have collected a lot of 
data in one day during a focus group, I may have needed more than one focus group perhaps 
per case study, which would have required a lot of time and financial resources to organise 
and set up. Further based on my experience with other research projects, it is usually quite 
difficult to get key and relevant people in organisations to be available at the same time to 
attend a workshop or group that is not directly linked to their primary work. Also a limiting 
feature of focus groups compared to individual interviews is that discussions may not be in 
sufficient depth and there is the possibility that respondents may not express themselves 
freely and honestly because of others present in the group, thus affecting the depth and 
reliability of the derived data (Edwards and Holland, 2013).  
Finally, most of the secondary sources of data selected were UK government policy 
documents relevant to the renewable industry and wood fuel sector in particular. Appendix 
A provides a list of these documents. The policy documents were mainly consulted to 
understand the development and implementation of relevant policies and to access pertinent 
information on the history and role of key institutions in the sector, which is a key part of the 
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novel framework that is described in chapter 4. Further organisational and institutional 
websites as well as statistical information were also consulted prior to interviews to gain 
insights on the background of each of the case studies.  
3.6.1  Reflection of the Data Collection Process  
 For each case study, I got contacts for the semi structured interviews using a snowballing 
approach, where a researcher solicits for more interviewees from the initial contact, creating 
a chain of referrals. The following provides a key description of my experience during the 
interviews and the data collection process. 
For the wood pellet case study, my first contact was the Managing Director of the wood pellet 
plant as earlier mentioned. After a telephone call and a few email correspondences, I travelled 
to the wood pellet plant to observe the production process and to conduct the interview, 
having sent the interview questions beforehand. The visit was meant to last half a day but 
unfortunately, the Managing Director’s son was suddenly sick and he was now available for 
only an hour because he had to go back home. So we had to quickly go through the questions 
and I asked if I could contact him again by phone to complete the interview afterwards. Also, 
he asked his operations manager to show me round the facility and I took the opportunity to 
interview the Manager on the operational aspect of the plant. This goes to show how things 
might not go according to plan and the need for flexibility and alternative strategies during 
the data collection process. Subsequent interviews with the pellet distributor and the owner 
of the sawmill supply chain, who were introduced by the Managing Director went smoothly. 
However time was always a limiting factor and some responses were not always clear at the 
first interview even though the interviews were recorded and I took notes. I managed this by 
asking for second interview over the telephone to clarify responses.    
For the wood chip case study, my first interview and observation visit was with the operations 
manager. The interview went smoothly and I was able to establish contact with other staff 
members including the operations manager and the forestry operation manager, who 
introduced me to the three chipping contractors, harvest contractors, the energy crop farmer 
and the woodland owners. I conducted interviews with each of these people during 
subsequent visits to the site and I had to adjust my questions to align with their function in 
the supply chain. I also conducted two interviews with the Managing director on the 
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telephone and face to face. As mentioned earlier, I had very good access into this particular 
supply chain but after some time, my requests for interviews and further referrals were 
denied. This goes to show that access to an organisation for research cannot go on 
indefinitely. Therefore, it is advisable to take advantage of every opportunity.  
In the wood log supply chain, my first contact was the Managing Director of the wood log 
firm. He introduced me to the specialist producer and the small-scale producer. I conducted 
an initial telephone interview with both producers and met them face to face at conferences 
where I also interviewed them to clarify some of the responses from the telephone 
interviews.  I also conducted an interview with the Managing Director on the telephone 
initially and face to face at the wood log production site, where I did some observations. This 
highlights the benefits of attending conferences to network and gain access to people that 
may otherwise be difficult to meet face to face at their workplace. For all the case study supply 
chains, there was an average of 3 visits over a three-year period. During the visits as 
mentioned, personal observations were made on the operation of the sites. A total of 19 
interviews were conducted at the supply chain level.  
At the sector level, sector actors that were identified by supply chain actors were contacted 
and interviewed. These include 30 end users and 10 woodland owners and 10 heat engineers. 
Prior to the interviews, semi-structured questionnaires with open-ended questions were sent 
to selected sets of actors by email to fill out. Out of these, six woodland owners and 3 heat 
engineers responded. These were subsequently interviewed to clarify responses to open 
ended questions. For the end users, 15 responses were received but only 3 end-users who 
are also woodland owners were available to be interviewed. An average of two semi-
structured interviews was conducted with each respondent either face to face or on the 
phone. Each interview lasted for one hour on the average. Interviewees were assured 
anonymity, given that some of the information shared was confidential and sometimes 
commercially sensitive.  A total of 23 interviews were conducted at the sector level. Thus, 42 
interviews were conducted in total. Appendix B lists the interviews, actor roles and 
organisation in the sector and supply chain.  
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3.6.2 Semi-structured interviews questions and aspects of the RELISC framework 
Detailed semi structured interview questionnaires can be seen in appendix C. However the 
following are key issues discussed in the supply chain actor interviews according to the 
following aspects of RELISC framework, described in chapter 4: These are background and 
drivers, supply chain structure, process and internal governance, Institutional mapping and 
Five capital analysis, Internal governance and Resilience.   
Background and Drivers:  
• A description of the kind of business engaged in the wood fuel sector.   
• The drivers for going into wood fuel production and a brief account of the decision 
process to take up wood fuel. 
 
Supply chain structure, process and internal governance:  
• The number and type of actors or firms or contractors in the supply chain. The 
activities and flow of materials and information through the supply chain 
• An estimate of the number and type of workers (contractors, permanent or temporary 
or seasonal staff) in the wood fuel aspect of their business. 
•  The relationships between other actors in the supply chain, the ability or availability 
of alternative suppliers or contractors, on what basis do they choose a supplier or 
contractor e.g. by recommendations, availability, certification, tender process, how 
prices and contracts are negotiated, the type and amount of information needed to 
be shared with the actors for continued production, technical assistance or support 
provided, how product quality is ensured.  
• An estimate of the number and type of customers, how they were acquired and how 
they maintain their customer base. 
 
Five Capital Analysis: 
• The type of resources available to them in terms of Human capital (qualifications, 
knowhow and skills), Physical capital (infrastructure, machinery and technologies), 
Natural capital (natural feed stock resources available and the number of sources) 
Social capital (networks and level of public acceptance) and Financial capital (grants 
/personal funds, private equity funding etc.). 
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• The type of resources they currently lack for continued or increase in production for 
the future. The barriers and drivers to increasing or improving the resources for the 
different capital.  
 
Institutional mapping and governance:  
• The type of external organisations they have related to concerning the wood fuel 
production aspect of their operations at the local, regional and national Level 
• How they ensure the sustainability of the natural resources they are using for 
feedstock. Who and what ensures feedstock sustainability. 
• Their experiences in acquiring funding for production or equipment from external 
wood fuel related bodies. 
• Their experiences in acquiring relevant training or certification from external bodies. 
• Their experiences in networking with other wood fuel related firms and organisations. 
 
Resilience and vulnerability: 
• The potential risk to their enterprise, wood fuel supply chain, what kind of challenges, 
events and trends i.e. policies, natural environmental change, scarcity etc over the 
years that have threatened the viability of their enterprise. 
• The current and possibly future needs and strategies necessary to achieve a viable 
wood fuel industry in England. 
 
For sector actors, the questions were varied and specific to the actors and their organisations. 
Please see details in appendix C. In general they were asked:  
 
• The role of their organisation and the processes by which they relate with the UK 
wood fuel sector. 
• Their personal background and specific function within the organisation.  
• Their perception of the strengths and weakness of their organisations in and impacts 
on sector development. 
• Their assessment of resource availability within their organisation and the impacts on 
the UK wood fuel sector. 
• Their opinions on current and proposed regulations on the sector.  
• Their opinions on how the sector is developing and the strategies required for further 
development. 
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Key questions for woodland owners include: drivers and reasons for owning woodland, its 
management and experiences with the Forestry Commission and the UK Forestry standard, 
and the motivations for going into wood fuel production.  
For the end-users, the key questions were: description of their wood fuel system, drivers for 
installing the system and challenges and problems at various stages, i.e. planning, installation 
and use.  
For heat engineers, key questions include problems experienced during the installation and 
management of bioenergy system, key reasons for frequent break down of boiler systems, 
skills required for bioenergy heat engineers, types of training available and barriers to taking 
up training opportunities.  
These surveys and interviews with groups of sector actors and the secondary sources of data 
were used to triangulate the responses from the supply chain actors in the case studies. Data 
analysis and the triangulation process are described in detail in chapter 4 because it is based 
on the RELISC framework.  
In summary, this chapter has set out the research strategy and design employed for this work. 
It started from the conceptual stage, which highlighted the research questions that prompted 
the initial investigations on the sector, leading to the development of the aims and objectives 
of this work. Subsequently, a review of research designs lead to the selection of the case study 
approach.  The case study approach was then examined in detail to establish its relevance for 
this work. The chapter went on to outline the different types of UK wood fuel supply chains, 
in order to provide the context and rationale for choosing the instrumental case study 
approach based on typical multiple cases. Further, the data sources and research instruments 
employed were described and justified, which was followed by a reflection of the data 
collection process. The data analysis is then described in the next chapter because it is based 
on the novel framework, which is described in the next chapter 4. 
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Chapter 4: The Development of the RELISC Framework 
4.1  Introduction and Outline  
The purpose of this research is to determine the factors and strategies necessary for the 
development and resilience of an important but still emerging wood fuel sector in the UK. To 
start with, a range of tools and approaches were reviewed in order to identify suitable 
approaches to achieve the research aims. The review identified a number of limitations and 
research gaps in the different tools and approaches. These shortcomings led to the 
identification of the value chain analysis tool (VCA), the sustainable livelihood approach (SLA) 
and an adapted version of a supply chain resilience framework, as possible tools to jointly 
address the research aims and objectives. The integration of these three approaches to form 
a novel holistic framework, namely the Resilience and Livelihoods in Supply Chains (RELISC) 
framework, is the subject of this chapter.  
 
The chapter commences with an investigation of how VCA/SLA integration helps to overcome 
some of the shortcomings identified in the individual approaches. This is followed by a review 
of other SLA and VCA integration in literature, comparing them with the integration proposed 
in the RELISC framework in order to highlight its uniqueness and contributions to SLA and VCA 
research. Further, the supply chain resilience framework employed and adapted in this work 
is described. Subsequently, there is a discussion of the benefits of its integration in the RELISC 
framework, for overcoming its limitations as a standalone approach and also for meeting 
future supply chain resilience and risk management research needs.  Finally, the integration 
of the different components of the RELISC framework was described, ending with a summary 
of the contributions of the framework as a useful complementary tool to the existing set of 
research approaches and tools reviewed in this work. 
 
 
4.2  VCA and SLA integration 
Chapter 2 highlighted a number of limitations of both the value chain analysis tool and the 
sustainable livelihoods approach, especially when applied to the wood fuel sector. This 
section briefly highlights how VCA/SLA integration can help to overcome the shortcomings of 
both tools including some examples of such integration reported in the literature. For value 
chain analysis (VCA), a major shortcoming is its limited engagement with macro-level issues 
such as policies, access to resources, demand, environmental, social and institutional contexts 
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(Kaplinsky, 2001; Sims, 2006). Also, VCA analysis in its original form has been criticised for 
being narrowly focused on inter-firm linkages and how the pressures on prices and costs 
affect the abilities of different firms to participate in the chain and also to upgrade its activities 
for more income (Challies and Murrey, 2011). Thus, it provides little information on the local 
context and terms of participation of individual workers (Bolwing et al., 2008; Challies, 2008). 
Given that SLA is a people centred approach which investigates individual level livelihoods 
strategies, it is able to complement VCA analysis with insights on the factors that affects 
individual access to resources as well as the role of the local context, i.e. social relations and 
local environment. It also examines how local, regional and national institutional processes 
and policies may limit or enhance individual opportunities (DFID, 1999).  SLA also recognises 
that other outcomes besides increased incomes could be important to people, for examples 
food security, more secure rather than higher incomes and more sustainable use of natural 
resources. It also allows an assessment of possible trade-offs between outcomes (Kanji et al., 
2005).  
On the other hand, a key shortcoming of the SLA is its limited engagement with markets and 
the private sector (Hussien, 2002). The impact of local, global and regional market dynamics 
on livelihoods are important factors to consider as well as the private sector which in recent 
times tend to be involved in buying and trading goods as well as in setting the rules (Kanji et 
al., 2005). An integration with VCA will help to overcome this limitation because the VCA 
provides an essential picture on how the local markets interacts with the global markets and 
the type of governance exhibited between firms, which has an influence on the activities of 
the firm. For instance, the VCA is able to examine the way in which pressure on prices and 
costs are transferred from retailers to producers, which has a major impact on the potential 
for enhancing livelihoods through supply chains (Kanji et al., 2005). Further criticisms of the 
SLA indicate that because it is usually applied across different sectors, this may limit 
investigations on the impact of governmental and institutional bodies, which are usually 
aligned according to sectors. Also, Scoones, (2009) highlighted the need for the SLA to engage 
with more current issues such as wider environmental and sustainability problems. These 
issues are discussed later in this chapter in conjunction with the RELISC framework proposed 
in this work.  
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Given the apparent complementary nature of both approaches, a number of studies have 
attempted to combine them. In a study on small-scale raspberry producers in Chile, Challies 
and Murray, (2011) integrated the VCA and the SLA by using governance pattern analysis in 
the VCA to determine the modes of governance and forms of coordination between key 
actors within the chain and how that impacts on access to key livelihoods assets based on a 
five capital assessments using the SLA. The combination of both approaches in this study 
helped to highlight areas and avenues by which capacities could be enhanced by indicating 
the importance of local institutional support to small-scale producers in order to gain and 
retain market access via the value chain. Similarly, Anaglo (2011) used the five capital 
assessment in the SLA to evaluate cassava value chains, in order to highlight the impact of 
constraints such as limited access to financial, human, social, physical and natural assets on 
the ability of farmers and processors to upgrade their activities within the value chain. Their 
analysis suggested that local or regional institutional interventions such as favourable 
legislation to impose the use of cassava flour instead of wheat and the provision of financial 
assistance, infrastructural subsidies as well as improved information services could help these 
actors. Selwn, (2008) observed that VCA analyses have tended to neglect the potentially 
important role of the state and its local-level institutions in facilitating upgrading among 
primary producers. Thus, including elements of SLA in the raspberry and cassava studies 
helped to highlight how to facilitate the upgrading prospects of value chain actors.  
 
Furthermore, SLA and VCA have been combined to examine poverty and gender issues as 
illustrated in two studies described in Kanji et al., (2005). The first was concerned with 
understanding the effects of trade liberalisation in the cashew sector on the livelihoods of 
smallholder farmers and women in Mozambique. In this study, the VCA approach was 
employed to map out the structure and governance patterns of the global cashew nut value 
chain in order to understand the international cashew nut trade. Then the five capital 
assessment in the SLA approach was employed to highlight that poor harvest and inadequate 
infrastructure were the reasons behind farmers’ choices as to what to produce, process and 
market. For women, it was discovered that lower prices of cashew combined with workload, 
travel time and costs deterred them from marketing cashew. Also an analysis of institutional 
governance and inter-firm governance based on the SLA and VCA respectively revealed how 
women who are central to the production, processing and local marketing of cashew were 
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often excluded from interventions to promote production, better paid positions in the factory 
and larger-scale trading. The use of VCA/SLA also helped to reveal some local cultural and 
social significances of producing cashew that had been previously ignored.  
In the second study, the impact of a rattan and bamboo weaving industry on the livelihoods 
of local people’s livelihood was examined. Using VCA supply chain mapping, linkages between 
production units were examined as well as backward linkages with raw material providers 
and forward linkages with the packaging, shipping actors and export buyers. It was discovered 
that there was little coordination between production units as well as a lack of relationship 
with external buyers, which implied limited diversification of product to meet international 
consumer preferences. Further, access to basic raw materials was limited based on an SLA 
capital evaluation. For instance key actors in the chain, such as women and the elderly, did 
not have the capital to hire designers or to train workers. Thus, findings from the sustainable 
livelihoods approach helped to highlight resource constraints and the role of the rattan and 
bamboo weaving industry in providing a significant proportion of rural household’s incomes. 
The VCA, on the other hand, helped provide a better understanding of the constraints and 
lack of communication between key actors.  
From the above, combining the SLA and VCA approaches was beneficial given their 
complementarity and integration which helps to overcome some of the limitations of each 
approach. Also, as illustrated in the examples, the combination of SLA and VCA provides a 
more holistic view of the constraints and benefits experienced by firms and individual actors 
in their bid to upgrade in the market place as well as improve their livelihoods and lives.  
4.3 The Resilience and Livelihood in Supply Chain Framework (RELISC) and the 
SLA/ VCA Approaches 
A review of the applications of both approaches in the literature either as stand-alone 
approaches or in combination shows that the SLA and the VCA have mostly been applied in 
developing countries for the purposes of poverty alleviation, highlighting gender inequalities 
as well as identifying and providing policy relevant strategies for overcoming a wide range of 
constraints on the poor, resulting from their local conditions, limited assets, governance and 
institutional contexts. 
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In comparison, the RELISC framework in this work introduces a novel application of the two 
people centred developmental approaches. Firstly, it is applied to an emerging sector in the 
developed world in order to derive strategies for sector development and resilience as 
opposed to poverty alleviation in developing countries. This provides the opportunity to 
analyse broader environmental and sustainability issues beyond financial gains within an 
emerging sector in the developed world context. It also helps to overcome criticisms on the 
SLA regarding its need to be more engaged with more current environmental and 
sustainability issues as earlier mentioned in Scoones, (2009). 
Furthermore, SLA in the RELISC framework will be applied to actors in supply chains as 
opposed to households, given that in the developed world livelihoods are essentially derived 
in the work place. This adaptation of the SLA approach to supply chains could be a useful 
application of the approach, because in conjunction with the VCA method, insights on the 
implication of supply chain structure, impact of a range of factors such as internal/micro and 
macro level institutional and regulatory governance, vulnerability contexts, resource and 
capital availability as well as organisational processes and actor decisions on the development 
and resilience of an emerging sector such as the UK wood fuel sector.  
Finally, the RELISC framework evaluates the factors that impact on the resilience of the sector 
by evaluating vulnerability and capability factors associated with the sector and specific UK 
wood fuel supply chains, based on an adapted supply chain resilience framework by Pettit et 
al., (2013). Supply chain resilience has not been addressed in other approaches of VCA/SLA 
integration. So its inclusion in the RELISC framework is novel and also valuable because 
building resilience in supply chains is necessary to ensure that the development of the sector 
is sustainable over time in the face of change and uncertainty. Table 7 describes the capability 
factors; which are basically the supply chain resilience principles that form part of the 
SCRAMTM framework. It is adopted and adapted in the RELISC framework by pairing them 
according to similarity or differences to aid the evaluation and are also characterised based 
on relevant activities in the UK wood fuel chains.  
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Table 7- Supply Chain Resilience Framework: Adapted Capability Factors for the RELISC 
framework 
Supply chain Resilience 
framework 
Description 
Visible and Capacity Visibility involves knowledge of the status of operating assets 
and the environment, information exchange and visibility of 
abilities, services and capacity. Capacity involves possession of 
a range of abilities and know-how, capital resource availability 
as well as reserve capacity. 
Flexible Adaptability Adaptability refers to ability to modify operations in response 
to challenges or opportunities.  
Flexibility refers to the ability to quickly change in processes, 
sources and thinking. It includes flexibility in sourcing and 
Flexibility in order fulfilment, which includes ability to quickly 
change inputs or the mode of receiving inputs and the ability 
to quickly change outputs or the mode of delivering output.   
Collaboration and 
Dispersion 
Collaboration includes cooperating within the network and risk 
sharing, ability to work effectively with other entities for 
mutual benefit as well as collaborative forecasting, customer 
management, communications 
Dispersion refers to broad distribution or decentralisation of 
assets as well as distributed capacity and assets and Dispersion 
of markets. 
Anticipate and Recover Anticipation refers to the ability to discern potential events 
and situations, such as the need to ensure the availability of 
natural resource through good management processes and 
forecasting. Recovery refers to ability and plans to return to 
normal or better, through crises management communication 
and resource mobilisation. Communications strategy, 
Consequence mitigation.  
Securing Market 
position 
Market position refers to the status of a company or its 
products in specific markets, Product differentiation, 
Customer loyalty/retention, Market share, Brand equity, 
Customer relationships, and Customer communications. 
Security. Security mainly have to do with Collaboration with 
governments as well as defences against threats on 
reputations. 
 
The assessment of the supply chain resilience is done at the supply chain and the sector level.  
Further details are provided in section 4.6. The following outlines how the inclusion of the 
supply chain in the RELISC framework helps to meet the limitations and future research 
identified in recent supply chain risk management and resilience studies.  
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4.4 The RELISC framework and Supply Chain Resilience/ Risk management 
Research 
The integration of the VCA and SLA approaches with a supply chain resilience framework, as 
proposed in the RELISC framework would help to meet some of the limitations and future 
research directions identified in the SCRAMTm framework and in recent supply chain risk 
management and resilience studies. Table 8 highlights these issues and indicates the avenues 
by which the RELISC framework may address them.  
Table 8 - Potential Contributions of the RELISC Framework to Supply Chain Resilience and 
Risk Management Research 
Limitations and Future Research 
Directions  
Potential Contributions of the RELISC 
Framework 
The application and development of the 
SCRAMTM tool was based on a limited 
number of companies (7) in the 
manufacturing/service sector. The risk 
and resilience literature identified the 
need for wider applications such as the 
renewable energy industry especially 
bioenergy as well as small medium 
enterprises (Petit et al., 2013; Hoe et al., 
2015; Kalamadhi and Parast 2016).  
 
Also, the need to evaluate the different 
risks simultaneously in order to 
determine joint impacts was identified as 
well as the need to consider 
infrastructural risks (Ho et al., 2015).  
The application of the RELISC framework 
to the UK wood fuel sector provides an 
opportunity to apply the SCRAMTM 
framework to an emerging bioenergy 
sector in the renewable energy industry, 
which is mostly made up of small and 
medium sized enterprises. 
Further, the RELISC framework will 
integrate and evaluate the different 
vulnerability factors and risks including 
infrastructural risks simultaneously using 
both the SLA and VCA approaches.  
It would also determine the appropriate 
risk mitigation strategies based on the 
adapted supply chain resilience 
framework according to different UK 
wood fuel supply chain contexts. 
Supply chain resilience tools need to be 
applied across the downstream and 
upstream sections of the supply chain not 
just at firm level as previously done, to 
provide a full view of supply chain 
resilience (Ghagde et al, 2012; Petit et al., 
2013)  
The RELISC framework will be applied to 
different actors up and down the UK 
wood fuel supply chain. To start with, 
value chain mapping in the VCA will be 
employed to identify the actors in the 
different supply chains and also 
institutional actors  
A holistic overarching approach to supply 
chain resilience and risk management 
The VCA’s value chain mapping and 
intra-chain/external governance pattern 
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evaluations based on systems thinking 
which incorporates not only the different 
aspects of the chain but also interactions 
between different supply chain actors or 
stakeholders in terms of connectivity, 
external pressures and collaboration is an 
under explored area (Petit et al., 2013; 
Cantor et al., 2014). 
analysis and the SLA’s transforming 
structures and processes, capital 
resource and vulnerability factor 
assessment in the RELISC framework are 
able to provide holistic insights on the 
interactions and constraints that may 
impact on supply chain resilience.  
There is a need for supply chain 
resilience and risk management 
evaluations taking into account the 
impact of manager and stakeholder 
decision, perceptions and behaviours 
(Ghagde et al., 2012; Cantor et al., 2014) 
The RELISC framework is based on a 
people centred approach which explicitly 
evaluates the impact of chain actor or 
stakeholder  perspectives, experiences  
and decisions on different processes 
including supply chain resilience 
strategies. 
The need to consider sustainability and 
environmental management capabilities 
as well as resource based capabilities in a 
supply chain resilience framework 
(Blackhurst et al., 2011; Ghagde et al., 
2012; Pettit et al., 2013). 
Environmental management and 
sustainability capabilities are critical for 
the development of the UK wood fuel 
sector. In the RELISC framework, the SLA 
will be employed to assess the baseline 
and gaps in resources including natural 
and human resources, the VCA will 
determine how the resources are 
managed and the supply chain resilience 
framework will determine how    
resource related vulnerability factors can 
be overcome by resource based 
capabilities in the chain.   
 
In addition to the contributions highlighted in Table 8, the combination of the VCA, SLA and 
the adapted supply chain resilience framework within the RELISC framework goes further 
than characterising the capabilities and vulnerabilities in each chain context. It also provides 
insights on the various underlying factors and dynamics within and outside the chains that 
may enhance or limit these capabilities and vulnerabilities, so that appropriate resilience 
improvement strategies and policies can be formulated and implemented. Accordingly, 
Elleuch et al., (2016) identified the need for the development of policies and the lack of 
research for the development of policies that can help in mitigating vulnerability and 
enhancing capacities simultaneously. The following section describes the different aspects of 
the VCA, SLA and the supply chain framework that are integrated into the RELISC framework. 
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4.5 The Components and Development of the RELISC framework 
The RELISC framework uses two major VCA concepts; value chain mapping and governance 
pattern analysis. As stated earlier, value chain mapping is a heuristic tool which provides an 
avenue to describe wood fuel supply chains, so that it gives a better understanding of the 
activities and the type of enterprises within supply chains in the sector, given the emergent 
and fragmented nature of these chains. On the other hand, governance pattern analysis helps 
to examine inter–firm relationships, interactions and institutional mechanisms through which 
activities in the chain takes place (Humphery and Schmitz, 2001). 
For the SLA, the RELISC framework adopts and adapts three key components i.e. the 
transforming structures and process, the five capital assessments and the vulnerability 
context assessment. Firstly, the transforming structure and process aspect of the livelihoods 
approach attempts to bridge the gap between macro and micro levels by acknowledging the 
importance of macro level policy and institutions on micro level supply chain or firm level 
processes and activities (Kollmier and St. Gamper, 2002; Morse et al., 2009). Secondly, the 
five capital pentagon helps to assess the availability of different capitals such as Natural, 
Human, Social, Physical and Financial capital (DFID, 1999). For example, in wood-fuel chains, 
natural capital can refer to the amount of sustainable woodland resources available to the 
supply chain, human capital can represent the skills and knowledge within the supply chain, 
social capital can be social networks, personal connections and groups, physical capital can 
refer to the basic infrastructure and producer goods and financial capital is the availability or 
access to financial resources. Thirdly, the vulnerability context of the SLA, which is a depiction 
of trends, shocks events and changes that have or may have an adverse effect on the supply 
chain and sector (DFID, 1999) is used as a basis to identify vulnerability context in UK wood 
fuel supply chains/sector. Finally for supply chain resilience, the RELISC framework uses 
adapted capabilities factors (Petit et al, 2013) as shown in Table 7.   
Figure 1 shows how the different components from the VCA, SLA, and the supply chain 
resilience framework are adapted and integrated in the RELISC framework by using the 
following colour code.  The Value Chain Analysis: Blue, The Sustainable Livelihood Approach: 
Pink, the Supply chain Resilience Framework: Red and the outcomes are described in bold 
black  
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Figure 1- The Resilience and Livelihood in Supply Chain (RELISC) framework 
 
Institutional Structures and External Governance (ISG) is the first stage of the RELISC 
framework. It is an adaptation of the Transforming Structures and Process aspect of the SLA. 
It involves institutional mapping and the evaluation of external governance pattern. The 
purpose is to identify the types of institutions functioning at the sector level and then 
evaluates their governance patterns and their role in identified action spaces that are critical 
to the growth and resilience of the sector. Action spaces can be described as areas of 
interactions between institutions and actors concerning key issues that are critical in 
achieving the purpose of the institutional mapping process (McFadden et al. 2010). In this 
case the purpose of the institutional mapping process is to determine the role of 
external/institutional governance on the growth and resilience of the sector. This purposeful 
approach to institutional mapping based on actions spaces is one of the recommended steps 
in institutional mapping that helps to simplify and provide a clear focus to a potentially 
complex process (McFadden et al., 2010). Also combining institutional mapping with 
governance adds to the concept of institutions, which is relatively under-developed despite 
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its importance (Garcelon, 2010; McFadden et al., 2010). The first action space identified in 
this work is the policy development action space. This is because government support, 
policies and regulation are critical and act as key drivers for the awareness and growth of the 
UK wood fuel sector. Other action spaces are derived from the policy development space and 
further characterised during interviews with supply chain and sector actors in the course of 
the research. They include the sustainable management of resources and environment, the 
development of skills, quality and networks and thirdly ensuring cost-effectiveness, 
innovation and infrastructure. These three action spaces also used to depict interactions 
between different supply chain actors and between supply chain actors and institutions at 
the supply chain level. Further description of the action spaces as well as the identification 
and evaluation of the institutions and their governance patterns are provided in chapter 5 for 
policy development space and chapter 6 for the other three action spaces.   
The Supply Chain Structures and Internal Governance (SSG): This is the second stage of the 
framework and it is an adaptation of the value chain mapping and evaluation of internal 
governance in the Value Chain Analysis (VCA). As stated earlier, value chain mapping is a 
heuristic tool, so that the description of the enterprises and activities of the different   wood 
fuel supply chains are derived from the supply chain actors, secondary sources as well as 
personal observations during visits. Further, the evaluation of the internal governance 
pattern is done by assessing supply chain relationship based on the different internal 
governance patterns and their criteria as described in Table 9.  
Five Capital Analysis (FCA): Stage 3 uses the information derived from stage 1 and 2, to 
determine the implications of the external and internal governance patterns, so that insights 
on how the governance patterns may drive or limit capital access and improvements is used 
to inform the five capital analysis of supply chain and sector assets. The five capitals include 
N for natural capital, S for Social capital, F for Financial capital, P for Physical capital and H for 
Human capital.  
The Sector /Supply chain Resilience (SCR) is the fourth stage. Here the information derived 
from stage 1, 2 and 3 are used to evaluate the sector/supply chain. At the sector level, 
shortcomings in the institutional governance of action spaces as well as capital resource 
limitations are referred to as the vulnerable aspects of the sector. These vulnerability aspects 
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in addition to sector level adverse trends and events, make up the sector level vulnerability 
context.  
At the supply chain level, the chain is assessed against the capability factors in Table 7 in order 
to identify good performance and abilities, which are referred to as supply chain capabilities. 
On the other hand, related shortcomings and limitations are identified as supply chain 
vulnerabilities. The supply chain vulnerabilities in addition to identified adverse consequences 
and trends specific to the supply chain make up the supply chain vulnerability context. 
Further, the implications of the supply chain capabilities and vulnerabilities on socioeconomic 
benefits and supply chain development and resilience outcomes are also highlighted.   
Finally, supply chain and sector resilience factors and strategies based on the capability 
factors are recommended for the sector and its supply chains in order to achieve supply chain 
and sector development and resilience.  
 Supply chain and Sector resilience outcomes: is the fifth and final stage. It describes the 
potential socioeconomic, resilience and development outcomes. They include supply chain 
resilience and continuity and socioeconomic benefits such as sustainable employment and 
livelihoods, increased and diversified income sources, skills development and education, 
growth and development of related firms and macro level effects such as combat climate 
change and meet Government targets.   
 
4.6 Data Analysis based on the RELISC framework   
As stated in chapter 3, the data analysis process is based on the stages in the RELISC 
framework.  The process is described here:  
In the ISG stage, the supply chain structure and institutional context were determined from 
responses to interview questions on chain structure as well as observed activities during 
visits. These were the key sources of information on the type of organisations and processes 
within the supply chain. Secondly, to determine the governance patterns at the supply chain 
and sector level, interview responses were transcribed and coded according to the criteria of 
typical Internal and external governance patterns adapted from Kaplinsky and Morris, (2001) 
as described in Table 9, so that the type of governance pattern exhibited by the different 
institutions and supply chain actors were determined. 
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Table 9 - Typical Internal and External Governance Patterns and Criteria  
Internal Governance Pattern and Criteria 
Market based/ Arm’s 
length 
Many customers/many suppliers 
Repeat transactions with suppliers or customers,  
No contracts involved  
No technical assistance given to suppliers or producers  
Balanced Network Suppliers or customers on contract 
Supplier has few customers, customers have few suppliers 
Intense information flow in both directions 
Both sides have capabilities hard to substitute 
Resolve problems through negotiations rather than threats or 
exits 
Directed network 
Buyer 
driven/producer 
driven 
Customer or producer defines the products (design and technical 
specification 
Main customer or supplier takes or supplies at least 50% of 
output  
Monitoring of performance by customers or suppliers  
Providing technical assistance to suppliers or producers 
Hierarchy Vertical integration of several chain stages within the firm 
Supply enterprise is owned by customer 
Limited autonomy to make local decisions, instructions from 
“headquarters” required. 
External Governance Pattern and Criteria 
Legislative  Setting standards and laws for participation in the supply chain or 
sector mostly in terms of quality, environment and performance  
Judiciary Monitoring the performance of supply chain actors in meeting 
standards and obligations  
Executive  Providing support in supply chain operations and management to 
meet standards and improve performance  
 
In the FCA stage the five capital gap analyses were derived from direct interview responses 
from supply chain actors and sector actors on the availability or scarcity of key capital 
resources as well as from secondary statistical sources. Further, a range of responses were 
derived from the interviews on the impacts of the governance patterns, these were 
transcribed and coded according to different emerging themes to derive the implications of 
the different governance patterns.  
In the SCR stage, The information derived from responses to questions in the first two stages 
of the RELISC framework are used to determine the sector vulnerability context (i.e. 
institutional governance shortcomings, capital resource limitation, as well as adverse trends 
and events at sector level) and responses to questions based on the capability factors in table 
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7 are used to indicate the supply chain capabilities and supply chain vulnerabilities (i.e. 
limitations in supply chain capabilities and adverse trends and events) . These responses are 
then are transcribed, coded and analysed using the adapted capability factors in table 7 as 
framework to determine sector and supply chain factors and strategies for enhancing supply 
chain resilience. 
4.7 Summary Contributions of the RELISC framework  
This section outlines the benefits and contributions of the RELISC framework to the different 
research disciplines reviewed so far in this work. The VCA, SLA and the adapted supply chain 
resilience framework were integrated in the RELISC framework in order to meet the 
objectives of this research, which were derived from research gaps and limitations in the 
application of other assessment methods in deriving factors and strategies for the 
development and resilience of an emerging sector. The approaches reviewed include 
traditional socio-economic assessment tools given the identified importance of 
socioeconomic factors, a range of integrated assessment tools given the need for a holistic 
approach that can evaluate all the parts of the system and supply chain management tools 
given that the unit of analysis in this work is supply chains.  
For traditional socioeconomic approaches such as input and output analysis, partial and 
general equilibrium assessment, cost and benefit assessment and Keynes multiplier theory, 
research gaps and limitations include the need to consider the impact of policies and 
regulation as well as local contexts, the impact of resource constraints and to take into 
account stakeholder perceptions and consumer preferences. 
For integrated assessment approaches such as the socioeconomic impact assessment 
methods and multi-criteria assessments, shortcomings include the need to assess the 
management and operational issues of biomass supply chains i.e. to go beyond the 
identification of potential problems areas such as uncertainties and vulnerabilities (example 
lack of skills), but also to indicate how they can be managed and overcome.  
In addition, supply chain management approaches employed in bioenergy chains also 
reiterated similar gaps in its assessment methods to those mentioned above. Further, a 
general lack of institutional research for UK bioenergy was reported, including the 
relationship and governance aspects of operating bioenergy supply chains. 
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Finally, in the development of the RELISC framework, institutional mapping that uses action 
spaces combined with an analysis of governance patterns was employed. This combined 
approach is a further development to concept of institutional mapping and it is beneficial 
because the action spaces provides focus and purpose to the exercise and the governance 
analysis provide a dynamic perspective that also reveals the role of actors.  
In this work, the RELISC framework has been designed to meet these research gaps and 
shortcomings. This chapter has shown how its different components have been integrated to 
address issues such as the impact of institutional contexts, policies and supply chain 
governance patterns and the management of resource availability and constraints, based on 
a people centred approach which considers stakeholder experiences, perceptions, decisions 
and relationships. The RELISC framework also goes further to assess the resilience of the 
supply chain by assessing its capabilities and revealing its vulnerable aspects and contexts and 
then indicating associated capabilities required to overcome and manage these weak points 
to improve sector and supply chain development and resilience.  Thus, the RELISC framework 
can be employed as a useful complementary tool to socioeconomic research, integrated 
assessments and supply chain management approaches. 
Finally, the integration of the SLA, VCA and the supply chain resilience framework in the 
RELISC framework not only helps to overcome some of the shortcomings of the individual 
approaches but also provides a novel and unique way of applying these tools. Further, as 
shown in Table 8, it is also able to meet identified requirements for future supply chain risks 
and resilience research.  
4.8 Application of the RELISC framework in the Empirical Chapters   
This chapter concludes by indicating how the RELISC framework will be applied in chapters 5 
to 9, that present the results of its application to the UK wood fuel sector and its supply chains. 
Table 10 below indicates the aspect of the RELISC framework that is presented in each 
chapter. 
Table 10 - Application of the RELISC Framework in the Empirical Chapters 
Chapter  RELISC framework 
phase 
Sector/supply chain (case study) levels  
 
5  Institutional 
Structures and 
Sector level: 
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External Governance 
(ISG) stage (Part 1) 
 
Identification of institutions and their role in 
policy development and implementation in the 
policy development space 
 
Trends and limitations of the policy 
development process 
6  Institutional 
Structures and 
External Governance 
(ISG) stage (Part 2) 
 
Sector level: 
Identification of institutions and their external 
governance pattern in the three other action 
spaces  
 
Evaluate institutional governance and 
implementation strategies in each action space   
to determine vulnerable aspects of the sector.    
7: case study 1 
(wood pellet)  
8: case study 2 
(wood chip) 
9: case study 3 
 (wood log)  
Supply chain 
structures and 
internal governance 
(SSG)  
 
Five Capital Analysis 
(FCA) stage 
 
Supply Chain 
Resilience (SCR) stage  
Supply chain (case study) level:   
SSG: value chain mapping, identification and 
implication of internal and external governance 
patterns. 
 
FCA: evaluate available or limited capital 
resources and determine impact on internal and 
external governance patterns  
 
SCR: Assess supply chain with supply chain 
resilience framework 
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Chapter 5:  Institutional Structures and External Governance (ISG) 
stage: Part 1  
 
5.1 Introduction and outline  
This first stage of the RELISC framework; the Institutional Structures and External Governance 
patterns (ISG) stage is presented in chapters 5 and 6. In chapter 5, part 1 of this stage is based 
on the policy development action space at the sector level (see Table 10). As stated in chapter 
4, Action spaces are areas of interactions between institutions and actors concerning key 
issues that are identified as critical for the growth and resilience of the sector. At the sector 
level, the first action space identified is the policy development action space, which is the 
focus of this chapter. This is because government support, policies and regulation are critical 
and act as key drivers for the awareness and growth of the UK wood fuel sector. Further, 
critical issues are identified that help to form the other action spaces as well as key institutions 
that are assigned to implement the policies and action plans proposed. At the end of the 
chapter, shortcomings in the policy development action space and the implications on the 
growth of the UK wood fuel sector are highlighted.    
 Chapter 6 describes and presents the results of the ISG stage Part 2 based on the other three 
action spaces at the sector level, namely the sustainable management of resources and 
environment, the development of skills, quality and networks and thirdly ensuring cost-
effectiveness, innovation and infrastructure. It draws from the analysis of the policy 
development action space and also from various interactions with actors and stakeholders to 
characterise the action spaces. Further, key institutions and their governance patterns are 
identified followed by an evaluation of their implementation strategies in the three action 
spaces. The institutional structures and governance (ISG) stage presented in chapter 5 and 6 
serves to meet one of the research objectives, which is to determine the institutional context 
of the sector. It also serves to fill a gap in literature identified concerning the general lack of 
institutional research for the UK bioenergy sector (Mafakheri and Genus, 2014).  
5.2 UK Bioenergy Policy Development Action Space:  Analysis of Policy Reports  
The policy development action space and the institutions that influenced the development of 
bioenergy policy in the UK over time are highlighted in this section.  The policy development 
action space is used as a starting point for the institutional mapping of the sector because of 
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the importance of government policies and support and also because it provides insights on 
the governance and the direction of policy for the development of the sector over time. The 
analysis makes use of five key UK Government policy reports on the sector to highlight the 
policy context, the evolution of bioenergy policy over time and the role of different 
institutions in shaping the policies as depicted in the reports. The key institutions involved in 
implementing the policies are also identified in this chapter but are examined in detail in 
chapter 6. The reports are presented in a time sequence, they include the UK bioenergy 
strategy (DEFRA, DTI and Department of Transport, 2007), the Renewable Energy Strategy 
(DECC, 2009), the UK Bioenergy Strategy (DECC, 2012) as well as two related reports on the 
renewable heat sector; the Future of Heating: A strategic framework for Low carbon Heat in 
the UK (DECC, 2012b) and The Future of Heating: Meeting The Challenge (DECC, 2013).  
The rational model of policy formation (Sutton, 1999; Institute of Development Studies, 2006; 
Slade et al., 2009) is employed in the analysis and depicted in the Fig. 2 below:   
 
 
 
Figure 2 - The Rational Model of Policy formation (adapted from Slade et al., 2009) 
It involves three steps as outlined below: 
• The agenda-setting phase attempts to recognise, understand and define the policy 
issue.  
 
• The decision making phase weighs up different courses of action, evidence is 
assessed, the cost and benefit of action is considered and then a rational decision is 
made on the best action. 
 
• The implementation and evaluation phase simply involves implementing the policy 
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and then determining if it was successful or unsuccessful and the reasons why. 
 
The following section describes and analyses the five policy reports based on the three stages 
of the rational model of policy development. 
 
5.2.1  The Bioenergy strategy report (DEFRA, DTI and Dept of Transport, 2007). 
The bioenergy strategy report (DEFRA, DTI and Dept. of Transport, 2007) was published in 
response to the UK Government proposed 60% cuts in carbon dioxide emissions by 2050 as 
set out in the Climate Change Bill (2007) as well as an EU agreement to source 20% of its total 
energy consumption from renewable sources (at the time the UK renewable target was not 
specified). These were the major policy context under which the report was written as shown 
in Table 11.  Other key institutional influences on the policies and action plans within the 
report are highlighted in Table 11. These include the “Biomass as a Renewable Energy Source’ 
report published in 2004 by the Royal Commission on Environmental Pollution (RCEP), the 
Biomass task force report prepared by the Biomass Task Force in 2005 and the European 
union Biomass action plan released in 2005. 
Table 11 - Policy Context and Key Institutional and Regulatory Inputs 
Institutions /policies Policy Context  
Climate Change bill 
(2007) 
The first British Climate change bill proposed 60% cuts in 
carbon emissions by 2050  
EU agreement on 
renewable energy  
The European Union Renewable energy target of 20% of 
total energy consumption  
Institutions /policies   Policy and Institutional input  
Royal Commission on 
Environmental 
pollution (2004) 
(Biomass as a 
renewable energy 
source report) 
Suggested that Biomass can meet 12% of UK energy by 
2050, recommends that energy crop should provide much 
of the fuel for biomass. Identifies a need to stimulate the 
biomass heat sector by establishing a renewable heat 
obligation or another form of incentive.  Indicates that 
institutional problems rather technical are the main 
barriers to the development of the sector and recommend 
biomass to be considered in new build projects   suggests 
the use of expert advice and user group experiences to aid 
policymaking. 
Biomass Task force 
(2005) (biomass task 
force report) 
Highlighted the need for a coherent UK Biomass strategy 
and indicated that biomass was an under-utilised resource 
especially as a source of renewable heat 
The European union 
(Biomass action plan 
The action plan was a first step to highlight the industry’s 
importance it sets out ways to increase the development 
of biomass energy for heating, electricity and transport.  
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(COM (2005) 628 final 
of 7 December 2005).  
“A recently agreed EU 20% share of renewable energies in 
overall EU energy consumption by 2020” 
 
Published alongside the UK Government Energy Paper (2007), the Biomass Strategy report is 
an agenda setting report because it recognises the challenges faced by climate change and 
sets out the importance of the bioenergy sector in meeting climate change and sustainable 
development challenges.  Accordingly, it indicated that bioenergy was ‘central’ to tackling 
climate change with the aspiration to develop and expand the bioenergy sector as indicated 
in its objectives:  
“Realise a major expansion in the supply and use of biomass in the UK by 
facilitating the development of a competitive and sustainable market and 
supply chain, promoting innovation and low-carbon technology development 
so biomass can deliver relatively, contribute to overall environmental benefits 
and the health of ecosystems through the achievement of multiple benefits 
from land use, facilitate a shift towards a bio-economy through sustainable 
growth and development of biomass use, maximise the potential of biomass 
to contribute to the delivery of our climate change and energy policy goals: to 
reduce CO2 and other greenhouse emissions, and achieve a secure, 
competitive and affordable supply of fuel” Biomass strategy, (DEFRA, DTI and 
Dept of Transport, 2007 p.8).  
The objective of the strategy to ‘realise a major expansion in the supply and use of biomass 
in the UK’, was to be facilitated by two UK Government departments, the Forestry 
Commission and DEFRA. The Forestry Commission is a government department responsible 
for protecting, expanding and promoting the sustainable management of woodlands. It was 
to play a major role in sourcing an additional 1 million dry tonnes of wood per annum from 
currently unmanaged woodland and other sources of wood waste products, in collaboration 
with Rural Development Agencies.  On the other hand, Natural England a non-departmental 
public body sponsored by the Department for Environment, Food and Rural Affairs was to 
administer and facilitate action plans to increase the amount of perennial energy crops 
produced in the UK with the potential to use up 350,000 hectares across the UK by 2020 in 
order to produce a future UK biomass resource of approximately 96.2 TWh (8.3 Mtoe). Other 
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key institutions related to the wood fuel sector include the establishment of the Biomass 
Energy Centre, the National Non-Food Crops Centre Energy Saving Trust and the Carbon Trust 
to provide specialist information centres to promote sustainable biomass production. 
5.2.2 The UK Renewable Strategy Report (DECC, 2009)  
The report was written by the UK Government Department of Climate Change, which was 
created in 2008 with the remit to ‘secure clean, affordable energy supplies and promote 
international action to mitigate climate change’. As shown in Table 12, a key part of the policy 
context at the time of the report was the establishment of the EU Renewable Energy 
Directive, which emanated from the EU agreement mentioned in section 5.2.1 that stipulated 
“20% share of renewable energies in overall EU energy consumption by 2020” and the UK 
government’s share and commitment to source 15% of its energy from renewable sources by 
2020. Also the emissions target was revised upwards by the UK Government Climate change 
Act from 60% to a legally binding target of at least an 80% reduction in greenhouse gas 
emissions by 2050 in collaboration with the with the Committee on Climate Change which set 
out the carbon budgets to meet the target. Thus, the policy context at the time indicated a 
more ambitious and focused approach to dealing with climate change with the use of 
renewable sources as one of the key solutions. In addition, the Stern review (Stern, 2007) 
facilitated the development of the policies in the renewable strategy report by highlighting 
the crucial role of renewable energy in dealing with climate change as shown in Table 12. 
Further, a key feature of the report and an emerging aspect of the policy development 
process was the use of expert modelling and scenario analysis to determine policy directions 
and options. From Table 12 it can be seen that expert scenario analysis determined the 
renewable energy targets for the different sub sectors, with 12% for renewable heat, over 
30% for renewable electricity and 10% for renewable transport, in order to meet the UK 
renewable energy targets. The scenarios also indicated the percentage share of different 
renewable energy technologies for each of the sub sectors. Notably, biomass boilers and 
biomass district heating had the largest share of contribution towards the renewable heat 
target.  
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Table 12 - Policy Context and Key Institutional, Expert and Regulatory Input 
Institutions /policies   Policy Context  
The European Union 
(The EU Renewable 
Energy Directive 
2009/28/EC and UK 
Government renewable 
energy target  
 “20% share of renewable energies in overall EU energy 
consumption by 2020”.  
 
UK government commitment to source 15% of its energy from 
renewable sources by 2020. 
 
The Climate Change 
Act, which came into 
force in November 
2008 and Independent 
Committee on 
Climate Change 
The Climate Change Act 2008 set a legally-binding target of at 
least an 80% reduction in greenhouse gas emissions by 2050 and 
a carbon budgeting system which caps emissions over five-year 
periods. 
 
The Committee helped to determine and recommend the level of 
the carbon budgets required in the Climate change Act. 
Institutions /policies   Policy, Expert and Institutional input  
Stern (2007): ‘The Stern 
Review: Economics of 
Climate Change’ 
The Stern Review indicated that the costs of global inaction on 
climate change far outweigh the costs of action. i.e. 5-20% of 
global GDP per year compared to 1-3% of global GDP in 2050. 
 
Renewables were crucial part of action and necessary investment 
must be made to move to a low-carbon economy now by 
developing a state-of-the-art financial framework that provides 
robust incentives for renewables to allow the market to respond. 
The UK government low 
carbon transition plan 
(DECC, 2009b) 
The UK Low Carbon Transition Plan established a roadmap for the 
decarbonisation of the UK and sets out proposals and policies for 
meeting the first three carbon budgets. 
International Energy 
Agency (2008): ‘Energy 
Technology 
Perspectives 2008’ 
The International Energy Agency’s ‘BLUE Map’ scenario indicated 
that in order to meet a 50% reduction in global greenhouse gas 
emissions by 2050, 21% of the reduction comes through the use 
of renewables. 
DECC analysis based 
onRedpoint/ 
Trilemma (2009), 
Element/Poyry (2009) 
and Nera (2009) and 
DfT internal analysis 
Development of the sub-sector renewable energy target with 12% 
for heat, 30% for electricity and 10% for transport. They also 
provided technology mix scenarios to 2020. In the lead scenario, 
the illustrative mix of technology Indicates a greater role for 
biomass in providing renewable heat.  
NERA/AEA (2009): ‘The 
UK supply curve for 
Renewable heat 
Indicated possible ways of achieving increased deployment of 
renewable heat by 2020 in the least-cost way for the overall 
economy.  It confirmed that there is a large cost-effective 
potential for biomass heat especially in the non-domestic sector. 
However, it highlights that heat pumps could also play a more 
important role than previously estimated. 
E4Tech (2009):  
‘Biomass supply curves 
for the UK  
Provided analysis of the global biomass market to 2020. This 
analysis looked at the impact on the UK biomass market under 
different scenarios – including one where the overall EU 
renewable energy target is implemented, and a scenario where 
sustainability and greenhouse gas savings are prioritised. 
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DECC (2009c): Heat and 
Energy Saving Strategy 
Consultation 
In considering renewable heat deployment pathways the 
consultation provided opinions on how to encourage district 
heating and combined heat and power in industrial and domestic 
sectors  
 
From Table 12, it can be suggested that the Renewable Energy Strategy report (DECC, 2009), 
was mainly a decision making document because it determined the sub sector targets and 
evaluated the technologies options that will help to meet the targets based on expert scenario 
analysis. This was one of the objectives of the report; to determine the path to 2020, and the 
balance of fuels and technologies that was most likely to achieve the goals. In addition, the 
report also featured elements of implementation as indicated in its second objective; to 
determine the strategies the UK Government was to adopt and the specific actions to lead 
delivery. The following are the key institutions and policies introduced in the report:                                                                                                                                                                                                                                                                                                                                                                                                                              
• The establishment of the Office of Renewable Energy Deployment (ORED) to 
coordinate with different established bodies such as the Biomass Energy Centre, the 
National Non-Food Crops Centre, Energy Saving Trust and the Carbon Trust to 
facilitate the deployment of renewable technologies.  
• Introduced the Renewable Heat Incentive derived from the Energy Act 2008.  
• Based on the Planning Act, 2008, the report also introduced the UK government’s new 
national policy statements that required regions to set regional renewable energy 
targets that would be challenged and scrutinised by the ORED.  
 
5.2.3 The Biomass Strategy Report (DECC, 2012)  
This report was also written also by DECC in 2012. Similar to the Renewable Energy Strategy 
report  (DECC, 2009), there were two main policies in context, which were the European 
Union Renewable Energy Directive 2009/28/EC, including the UK government commitment 
to source 15% of its energy from renewable sources by 2020 as well as the Climate Change 
Act. The report also relies on various expert studies and energy modelling scenarios.  
However, a distinctive feature of this report compared to the others is its focus on 
environmental and sustainable resource management. The expert scenario results and input 
into policies in the report are briefly outlined in Table 13. In particular, levels of sustainably 
available biomass resource and the optimal GHG emissions scenario for the use of forestry 
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materials were determined (AEA UK Global Bioenergy Resource, 2011; UKERC, 2011; Forestry 
Research and North Energy Associates, 2012).  
Table 13 - Biomass Strategy (DECC, 2012) Institutional and Regulatory Influences 
Institutions / Policies   Policy context  
The European union 
(The EU Renewable 
Energy Directive 
2009/28/EC   
 20% share of renewable energies in overall EU 
energy consumption by 2020.UK government committing to 
source 15% of its energy from renewable sources by 2020. 
 
The Climate Change 
Act, which came into 
force in November 
2008 and  
Independent 
Committee on 
Climate Change 
The Climate Change Act 2008 set a legally-binding target of at 
least an 80% reduction in greenhouse gas emissions by 2050 and 
a carbon budgeting system which caps emissions over five-year 
periods. 
 
The Committee helped to determine and recommend the level of 
the carbon budgets required in the Climate Change Act. 
Institutions /Policies   Policy, expert and Institutional input  
Energy Technology 
Institute: Energy 
System Modelling 
Environment (ESME) 
Excluding biomass from the energy mix would significantly 
increase the cost of de-carbonising the energy system by an 
estimate of £44 billion. 
Committee on Climate 
Change’s Bioenergy 
Review 
Levels of bioenergy penetration: 10% of primary energy but no 
higher to meet the 2050 target.  
 
Forest biomass sustainability: The minimum emissions threshold 
under the sustainability framework should fall from 285 to 200g 
of CO2 per kWh. Introduce a sustainability standard for all wood 
used in the UK (e.g. pulp and paper, construction.)  
 
Carbon capture and storage (CCS) demonstration: CCS should be 
demonstrated as soon as possible particularly because of the 
potential for negative emissions when used with biomass. 
 
Biomass heat generation and biogas production: There should be 
continued support for the use of biomass in heat generation and 
production of biogas from waste under the Renewable Heat 
Incentive. 
UKERC, Energy from 
biomass: The size of the 
global resource, 2011 
UK Government response: By 2050 bioenergy penetration levels 
of around 12% could be feasible without jeopardising 
sustainability.  
Forest Research and 
North Energy 
Associates, Carbon 
impacts of using 
biomass in bioenergy 
and other sectors: 
Forests, (2012) 
Carbon impact of harvested wood: Current ‘conventional product 
mix’ of managing and harvesting existing conifer and broadleaf 
forests for the production of both material products and 
bioenergy, with re-use and recycling wherever possible and using 
small round wood and saw logs as a source for materials and bark 
and branch wood as a source for bioenergy is often the optimal 
GHG scenario. 
AEA UK and Global 
Bioenergy Resource, 
Developing scenarios on the potential availability of future 
biomass resources: Biomass supply ranges for bioenergy 
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2011 
 
(including domestic and imported supplies) potentially available 
to the UK from 2020 to 2050. 
Low Carbon Innovation 
Coordination Group 
Bioenergy Technology 
Innovation Needs 
Assessment 
Suggests that improvements in energy crop yields, particularly of 
woody/grassy crops suited to UK conditions, could lead to 
significant increases in the availability of sustainable resources.  
NNFCC, UK jobs in the 
bioenergy sectors by 
2020, (2011) 
Through the collection or growth of biomass feedstocks, 
bioenergy can boost agriculture, forestry and waste management 
sectors while the transportation and storage of these feedstocks 
can create new commercial opportunities across the economy. 
NFCC, Domestic Energy 
Crops: Potential and 
Constraints Review, 
2012; ADAS, Carbon 
impacts of using 
biomass in bioenergy 
and other sectors: 
energy crops, 2012 
Direct land use change carbon impacts of energy crops and 
energy crop potential in the UK: 
Analysis shows that energy from biomass crops can have lower 
direct carbon impacts (0.5 to 6.1 t CO2e/ ha/yr) than food crop 
production (3.4 to 11 t CO2e/ ha/yr). 
 
Redpoint Appropriate 
Uses of Biomass, (2012)  
DECC analysis: by 2020 biomass could deliver up to 30 to 35TWh 
of the total energy needs for heating. 
 
The aim of the report was to ensure that the development of the sector did not result in 
adverse environmental and resource availability consequences through the application of a 
framework of principles as shown below: 
• Policies that support bioenergy should deliver genuine carbon reductions that help 
meet UK carbon emissions objectives to 2050 and beyond. 
• Support for bioenergy should make a cost effective contribution to UK carbon emission 
objectives in the context of overall energy goals. 
• Support for bioenergy should aim to maximise the overall benefits and minimise costs 
(quantifiable and non-quantifiable) across the economy. 
The development of these principles and the focus on environmental and sustainable 
resource management in this report indicates that it is an agenda setting report. This is 
because it represented a shift in agenda and perception of the sector, from a drive to expand 
the sector as indicated in the Biomass Strategy Report published in 2007 to a more 
precautionary approach to its expansion and development in this report published five years 
later.  Given the important role of this report and also because it is the last published 
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Bioenergy Strategy report which introduced principles and policies that have shaped current 
approaches to the development of the sector, the following provides more details on key 
aspects of the report including biomass availability and GHG emissions.  
For biomass availability, the report indicated that biomass feed stocks could sustainably 
provide between 8 and 11% of the UK’s primary energy demand in 2020 rising to between 
10% and 14% in 2030. Notably the report indicated that the greatest growth in domestic 
biomass supply was expected to come from agricultural residues and perennial energy crops 
with research suggesting that SRC uptake could be between 0.62-2.43 Mha representing 
between 3-13% of the 18.26 Mha of agricultural land in the UK. In comparison, current energy 
crop plantings in the UK is estimated at around 0.01 Mha (equivalent to 0.21 TWh if used in 
electricity generation). Also, supplies from UK forests were expected to increase with around 
10 Million green tonnes of wood each year from woodlands and forests. 
To achieve the resource potential above, the Biomass strategy report, (DECC, 2012), referred 
to key institutions already mentioned in the previous reports such as Rural Development 
Programme for England and Forestry Commission for bringing unmanaged woodlands into 
production. However, the report introduced a relevant direct link between the UK forestry 
resource and the renewable heat market, stating that the contribution of UK forestry 
resources was to be focused on fuelling the renewable heat market rather than for renewable 
electricity. It also mentions that DEFRA and DECC will encourage a sustainable increase in 
energy crop production. However, given the importance of energy crops as a key domestic 
resource and a proposal to increase in energy crop planting by 20%, specific plans on how to 
increase energy crop planting were not stated in the report. For GHG emissions, analysis from 
expert studies as shown in Table 13 indicate that the current ‘conventional product mix’ of 
managing and harvesting existing conifer and broadleaf forests for the production of both 
material products and bioenergy, with re-use and recycling wherever possible and also using 
small round wood and saw-logs as a source for materials and bark/branch wood as a source 
for bioenergy is often the optimal GHG scenario because it results in lower total GHG 
emissions than leaving the wood un-harvested to continue to sequester carbon in the forest. 
In addition, to reduce emissions further, the report indicated that a combination of bioenergy 
production with CCS could produce ‘negative emissions’. Therefore, the report announced 
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the launching of a new CCS Commercialisation Programme to support practical experience in 
the design, construction and operation of commercial-scale CCS projects. 
 Finally the report proposes low-risk bioenergy pathways to 2030 based on expert report 
analysis as follows: 
•Generation of heat and electricity through combined heat and power processes and with 
the efficient utilisation of recoverable wastes. 
•Use of biomass to provide low carbon heat for high temperature industrial processes, 
through either solid biomass or bio-methane boilers, as well as a transitional role of biomass 
for heating buildings and the use of recoverable waste heat from low carbon power 
generation or industrial processes. 
•Use of sustainable biomass in decarbonising power generation.  
In addition, to help develop these low risk pathways, new organisations introduced in the 
report include the Low Carbon Innovation Coordination Group comprising of DECC, ETI, TSB, 
Carbon Trust and Research Councils UK to support sustainable bioenergy innovation as one 
of the low carbon technologies to enable the UK to meet its 2020 and 2050 renewable energy 
and emissions targets. For facilitating the deployment of biomass for industrial heat, the UK 
Government was to depend on the introduction and development of the Renewable Heat 
Incentive as the key policy measure to achieve this aim. The implications of the low risk 
pathways, in particular the changing role of the bioenergy sector are discussed further in 
section 5.3.  
5.2.4 The Future of Heating-A strategic framework for low carbon heat in the UK and 
The Future of Heating-meeting the challenge  
The ‘Future of Heating: a strategic framework report’ (DECC, 2012b) and the ‘Meeting the 
challenges’ (DECC, 2013) are two reports from the UK government that focused on the 
heating sector for the first time. Both reports were written by DECC and similar to the two 
previous reports, the main policies in context were the European Union Renewable Energy 
Directive 2009/28/EC, including the UK government commitment to source 15% of its energy 
from renewable sources by 2020 as well as the Climate Change Act. 
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The first report (the strategic framework) described the current state of the heat sector and 
then depicts how the heat system may evolve over time, identifying the key priorities of each 
sub-sector, the changes required and the main barriers or opportunities towards a low carbon 
heat sector, as such it can be described as an agenda setting report. As implied in its title, it 
sets out a strategic framework on the heat sector and also provided an avenue for 
stakeholders to comment based on their experience. The second report ‘meeting the 
challenge’ was a response to the consultations from experts and stakeholders as well as 
additional expert energy modelling and testing of the strategic framework aimed at refining 
the policy options and improving understanding of the various aspects the heat sector. The 
report then went on to examine the different low carbon technology options proposed and 
then indicating Government action plans to effect deployment. As such the meeting the 
challenge report’ is a decision- making and implementation report because it identifies 
preferred technology options and then indicates how they can be deployed.  
  
As in the Renewable Energy Strategy report (DECC, 2009) and the Biomass Strategy report 
(DECC, 2012), the information in both reports drew heavily from a range of expert evidence 
and analytical models. However, compared to the previous reports, the heat sector reports 
were more technology focused.  This was partly due to strong advice in the 4th progress 
report from the Committee for Climate Change (2012), suggesting an urgent need for a step 
change and a four-fold increase in emissions reduction measures including low carbon 
technology deployment to meet the carbon budgets.  Hence the expert evidence in both 
reports were focused on determining the deployment levels of key heating technologies into 
the future. These analytical models and their institutional sources are outlined below:  
 
• MARKAL; a cost optimisation model used by DECC and the Committee on Climate 
Change (CCC) for the fourth carbon budget analysis.  
• Energy System Modelling Environment (ESME); a cost optimisation model developed 
by the Energy Technology Institute.  
• NERA/AEA heat model; A heat model used by DECC and the CCC for the fourth carbon 
budget analysis and the renewable heat incentive.  
• 2050 Calculator; An analytical tool which explores possible scenarios for meeting the 
2050 emissions reduction target and maintain security of supply. 
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• Red point bioenergy model; a model developed for CCC and the Government for the 
CCC bioenergy review and the Bioenergy strategy.  
 
The following outlines common messages and outputs from the models in both reports: 
• The Strategic Framework Report (DECC, 2012b) stated that natural gas at the building 
level would be completely phased out. However, Meeting the Challenge report (DECC, 
2013) indicates that gas boilers may continue to the year 2050 in the form of hybrid 
boiler/heat pumps or gas absorption heat pumps. 
• For both reports, oil, coal and resistive electric heating were to be phased out   and 
heat pumps were to have a more significant role in heating buildings whilst biomass 
boiler play a more transitional role similar to the biomass strategy report (DECC, 
2012). Further, the meeting the challenge report DECC, (2013) highlighted the 
importance of district heating (heat networks) as well as combined heat and power 
technology which include biomass fuelled option for both build level and industrial 
processes. The implications of the less significant role assigned to bioenergy for 
buildings are explored later in section 5.3.  
 
5.3 Trends and limitations in the Policy Development Action Space 
 The review of the different policy reports in the policy process action space reveal some key 
trends that are further explored in this section. These include the non-linear policy process, 
the changing roles of bioenergy and the significant role and limitations of expert institutions 
and scenario analysis in shaping bioenergy policies.  
5.3.1 Non-linear policy development process 
The policy development process as depicted by the reports and fig 2 show that in reality the 
rational policy making process does not always go through a linear pattern. It is more of a 
complex iterative process. This has been observed in a number of studies on the policy 
process (Sutton, 1999; International Development Studies, 2006). In this case, the Biomass 
Strategy report (DEFRA, DTI, and Dept. of Transport, 2007) was an agenda setting report, 
followed by the Renewable Strategy report (DECC, 2009), which was a decision-making and 
implementation report. Further, the Biomass Strategy report (DECC, 2012), published five 
years after the first Biomass strategy report (2007), returns to agenda setting and decision 
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making with a focus on the environmental and sustainable resource aspect of the sector. 
Finally, the first of the two reports on the heat sector i.e. the heat strategy report was also 
agenda setting however the focus was on the heat sector whilst the ‘meeting the challenge’ 
report is an decision making and implementation report. 
This iterative policy process reflects the complexity of the sector hence there was an emerging 
pattern of focusing on a particular aspect of the sector in the later reports i.e. the Biomass 
strategy (DECC, 2012) and the heat sector reports (DECC, 2012b, DECC, 2013). However, this 
means that the iterative policy development process is disjointed because current reports 
have limited information on the progress of policies and action plans that were established in 
a previous report. Also, the five-year intervals between the biomass strategy reports may be 
too long and does not facilitate evaluation and amendments due to changes that occur during 
the period, given the emerging nature of the sector.  
5.3.2 Changing and less significant role of bioenergy   
 The reports depict a change in the role for bioenergy over time. In 2007, the objective of the 
first Biomass Strategy report (DEFRA, DTI, and Dept. of Transport, 2007) was to expand the 
bioenergy sector because it was regarded as central to meeting climate change and 
sustainable development objectives, which includes providing socio-economic benefits. In 
2009, the Renewable Energy report (DECC, 2009) also indicated that the bioenergy sector was 
to provide the largest contribution to meet the renewable heat targets.  However, within the 
report, there were new indications that heat pumps may play a greater role due to new expert 
analysis and evidence as shown in Table 12. Further, by the year 2012 the biomass strategy 
report (DECC, 2012) proposes that mainly due to environment and resource availability 
concerns and drawing from expert evidence as shown in Table 13, the bioenergy sector will 
have a less significant role in the decarbonisation of buildings with a greater contribution in 
the industry sector. Also the role of bioenergy in providing renewable heat was constrained 
to a less ambitious target of around 6% of total energy needs corresponding to 30 -35TWh by 
2020.  
Finally, by the years 2012 and 2013, the focus shifted from the upstream part of the sector 
/supply chain concerned with resource management to the downstream concerned with 
technology deployment because of the urgent need for a step change to achieve targets 
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(Committee of Climate Change, 2012) as mentioned earlier. However, the bioenergy 
technology deployment patterns based on expert evidence in both reports indicated similar 
patterns with the bioenergy strategy report so that bioenergy is only given a transitional role 
for commercial and domestic buildings.    
5.3.3 Limitations in the predictions of expert’s scenarios and models  
Current deployment patterns in recent years indicate that the less significant role predicted 
for biomass technologies as indicated above were inaccurate. For instance, solid biomass 
technologies are by far the dominant technologies especially in commercial buildings 
comprising over 90% of RHI accreditations in 2015 and 2016.  For the domestic sector, solid 
biomass technologies were also the most popular technology for new accreditations under 
the renewable heat incentive (RHI annual report, 2016; Committee for Climate change, 2016). 
Furthermore, the limited target assigned to bioenergy to meet renewable heat target for 
2020, have already been surpassed. According to (DUKES, 2016), bioenergy provided 38TWh 
of renewable heat, already exceeding the targeted 30-35 TWh by 2020 target. On the other 
hand, heat pumps provided only 1.9TWh of renewable heat (DUKES, 2016). According to the 
Committee for Climate change progress report (2016b) the uptake of heat pump is far less 
than the millions anticipated to meet the fifth carbon budget. 
For sustainability concerns, the Wood Heat Association, (2016) reveal that actors in the 
bioenergy sector currently perform better than the sustainability requirements imposed by 
the RHI scheme. This goes to show that the sector has the capacity to develop sustainably. 
Moreover, bioenergy strategy report (DECC, 2012) acknowledged that the sector does not 
have an adverse impact on natural resources and the environment, indicating that current 
conventional forestry management practices result in the lowest GHG emissions.   
The successful deployment of solid biomass technologies in recent years indicates that there 
are limitations in the scenario analysis of experts. A major shortcoming is that the overriding 
consideration and setting for all the scenario analysis as shown in section 5.2.4 is cost 
optimisation, with limited consideration for other factors particularly the impact of influence 
of policy/incentives on technology adoption and deployment (NERA/AEA, 2009 and 2012; ETI, 
2012). The increasing deployment of biomass technologies due to the RHI incentive shows 
that bioenergy is relatively easy to be deployed to meet targets and to contribute to low 
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carbon heat for buildings given the right incentives and policies. Thus, whilst cost is important, 
the influence of policy and incentives are also key factors to be   considered to provide a more 
accurate assessment of the role of the bioenergy sector. This is important because developing 
policies based on an inaccurate assessment of the potential role of the sector limits its 
development and creates uncertainty because it affects stakeholder perception and 
willingness to participate in the sector. It also leads to unsuitable and unfavourable polices 
that will result in loss of opportunity to meet targets and provide socioeconomic benefits. 
This is the type of insight that the RELISC framework can provide because of its engagement 
with institutions and policies. Therefore it can serve as a complementary approach to 
overcome the limitations of the expert scenario analysis focused on cost optimisation.  
5.4  Chapter Summary  
The purpose of this chapter was to present the results of the Institutional Structures and 
Governance (ISG) stage based on the policy development action space at the sector level. The 
analysis of the policy development action space reviewed key policy reports, which identified 
different institutions and policies as well as their role in the development of bioenergy policy. 
In particular, it was shown that major policy drivers of the sector were the EU Renewable 
Energy Directive and the UK Government Renewable Energy Commitments. Also the UK 
Government’s Climate Change Act and the Carbon Budgets proposed by the Committee for 
Climate Change were also important drivers. Further, it was revealed that expert institutions 
and their scenarios and models played an increasingly significant role in determining the 
changing role of bioenergy and in setting targets for its deployment over time. The limitations 
and adverse consequences of these expert evidences on sector development, due to their 
emphasis on cost optimisation with limited consideration on the impact of policy and 
incentives have been discussed in section 5.3. Finally the policy development action space 
also helped to identify institutions that were assigned to implement the policies and the 
issues addressed in the policy reports helped to characterise the other action spaces. The 
progress of the policies and action plans as well as the impact of institutional implementation 
strategies and governance patterns are shown in chapter 6. 
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Chapter 6: Institutional Structures and Governance (ISG) stage (part 
2) 
6.1  Introduction and Outline 
This chapter briefly describes the process and presents the results of part 2 of the Institutional 
Structures and Governance (ISG) stage of the RELISC framework, which is based on the three 
action spaces at the sector level. As stated in chapter 4, Action spaces are areas of interactions 
between institutions and actors concerning key issues that are identified as critical in 
achieving the growth and resilience of the sector. The aim is to identify key institutions and 
their external governance pattern and then evaluate institutional governance and 
implementation strategies in each action space. This is in order to determine implementation 
drivers and shortcomings and the resultant vulnerable aspects of the system as well as the 
implications of the external governance patterns. In this section, the process of deriving the 
action spaces was outlined followed by a brief description of the institutional evaluation 
process. Subsequent sections in the chapter present the results of the institutional mapping 
and the evaluation of the processes in each action space. 
 As stated earlier in chapter 4 and 5, the three action spaces were derived from the issues and 
concerns raised in the policy reports and from interviews with sector actors and stakeholders 
during the course of the research. They represent key areas that are needed to ensure the 
growth and resilience of the sector. They are the sustainable management of resources and 
environment, the development of skills, quality and networks and thirdly ensuring cost-
effectiveness/financial incentive, infrastructure and low carbon innovation. At the sector 
level, these three action spaces also represent primary areas where policies and institutional 
action plans and programmes were implemented. These action spaces helped to facilitate the 
evaluation procedure by simplifying and providing focus to the complex interactions between 
institutions and sector actors. The three action spaces are further divided into different 
component processes as shown in figure 3.  
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Figure 3- Action Spaces and Processes at The Sector Level 
The evaluation procedure first identifies key institutions that were assigned to implement 
policies and programmes from the policy development action space, then it makes use of 
multiple sources including secondary sources (grey literature, policy documents, institutions 
websites, statistical reports and progress reports) and primary sources such as interviews with 
actors in the institutes and actors at the sector level to identify other relevant institutions and 
their governance patterns derived from the external governance criteria as outlined below. 
Executive governance: is a form of governance, which provides support and the necessary 
requirement to meet operating rules and standards. It also involves working in collaboration 
to execute a plan e.g. training providers managing and training actors in the sector and the 
provision of financial support. 
Legislative governance: refers to the establishment of rules, policies and standards set by 
institutions or governmental bodies to govern the sector. These may include certification 
standards, criteria for incentives and performance standard.  
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Judicial governance: refers to the coordination and monitoring of conformance to a set 
parameters as well as implementing sanctions on non-conformance e.g. monitoring of air 
quality emissions and wood-fuel quality. 
However, based on interview responses, it was observed that some of the institutions exhibit 
a combination of two types of external governance; they include the Legislative and Executive 
governance pattern, the Legislative and Judicial governance pattern as well as the Executive 
and Judicial governance pattern.  
The Legislative and Executive pattern: Involves the establishment of rules and standards as 
well as providing support in meeting them.  
The legislative and judicial governance: characterised by setting standards and limits and 
then enforcing compliance with little support from the institutions.  
The Executive and Judicial governance: characterised by setting non-compulsory or non-
legislative standards with an active judicial procedure that penalises non-compliance or 
fraudulent usage. 
Following this, the progress and status of key action plans and policies as well as the 
institutional implementation strategies in each of the three action spaces were evaluated. 
This highlights institutional shortcomings that result in areas or issues that are inadequately 
addressed thereby limiting sector growth and resilience. These inadequately addressed areas 
or issues are referred to as the vulnerable aspects of the system. The following section 
commences with the sustainable management of resources and environmental action space.  
6.2 The Sustainable Management of Resources and Environment Action Space  
The processes of this action space are critical issues such as the overarching importance of 
ensuring the availability of sustainable natural resources from forests and energy crops by the 
management and planting of woodlands and energy crops as well as management of tree 
disease. In addition there is the need to ensure genuine carbon emissions reduction in the 
production, processing and supply of wood fuel products as well as ensuring that the 
deployment of wood fuel technologies does not compromise air quality standards. Table 14 
describes the institutions in this action space and then outlines the status and progress of 
their corresponding action plans and programs. 
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Table 14- Key institutions / UK Government Policies in the Sustainable Management of Resources and Environment Action Space 
Institution/policy description 
and (Governance pattern) 
Process: Action plans and programmes  Progress and Status 
Forestry Commission (FC): The 
Forestry Commission is a non-
ministerial government 
department responsible for 
forestry in England and 
Scotland (Legislative and 
Executive) 
 
 
 
Forestry resource management   
The Woodland in Management (WIM) action plan: 
is to source an additional 2million tonnes of wood 
per annum by bringing unmanaged woodland into 
management with a target: 66%by 2018 and 80% 
in long term 
Gradual progress from 52% in the base year 2011 
to 58% in 2015 (Forestry Commission, 2015).  
 
 
 
Coordinating the use of felling licenses  
 
 
Wood land creation and replanting facilitated by 
the country wide stewardship grant scheme 
 
99.5 compliance rate of known felling. 
 
Area of Woodland created shows a decline at 546 
hectares in 2015/16 compared to the baseline of 
1,775 hectares in 2010/2011(Forestry 
Commission, 2015). 
Management of tree disease and pest 
 
 
 
 
The number of pest and disease established in 
England has decreased to 4 from 6 at the baseline 
year 2010/2011. However the management of 
these pest and disease remain a concern (Forestry 
Commission, 2015). 
The Forest Stewardship Council 
(FSC) and the Programme for 
the Endorsement of Forest 
Certification (PEFC) (Executive 
and Judicial) 
 
Forestry resource management 
The FSC and the PEFC are forestry certification 
systems are used to promoting responsible 
management of forests and chain of custody of 
forest products 
 
FSC and PEFC Certification statistics for the UK:  
 
Number of FSC chain of custody certificates: 2357  
FSC-certified Area and Number of Certificates for 
forestry management:  
1.6 million hectares and 37 certificates in 2017  
1.7 mil- lion hectares and 100 certificates in 2007 
(FSC, 2017, Davis, 2015) 
(Significant decline in the number of FSC forestry 
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management certificates over ten years) 
 
 PEFC certified forest area: 1.4 million hectares 
Chain of custody certificates: 1180 (PEFC, 2017) 
(Statistics for previous years unavailable) 
 Woodland Trust is a key 
woodland conservation charity 
that helps to plant trees, 
protect woods and inspire 
people to enjoy the nature 
(Executive). 
 
Grown in Britain: is involved in 
the sustainable management of 
British wood to increase the 
number of British timber 
available for use by local people 
or business (Executive). 
Forestry resource management  
Programme to engage with woodland owners to 
manage their woodland. Encouraging woodland 
planting and wood fuel production as part of a 
management plan is part of their strategy.  
 
The Grown in Britain license helps to assure that 
the wood is derived from sustainably managed 
British woodlands. Works with similar 
organisations such as Confederation of Forestry 
Industries (CONFOR) and CLA forestry, who also 
promote the sector by lobbying, political 
engagement and market promotion  
 
The programme is on-going. Support for wood 
fuel will continue as far as use of wood fuel 
continues to remain sustainable (Woodland Trust, 
2013; Interview 20). 
 
 
 
Growing interest for the GIB licence, 50 interested 
organisations, 13 applied and six licence issued so 
far (Ian tubby, 2015)  
Department for Environment, 
Food & Rural Affairs (DEFRA) 
A UK government department 
responsible for safeguarding 
the natural environment. 
(Executive) 
 
Natural England is a non-
departmental public body 
under DEFRA (Executive)  
Energy crop production   
Increase the amount of perennial energy crops 
produced in the UK, with the potential to use up to 
40,000 hectares across the UK by 2020. 
 
 
 
Administration of the Energy Crop schemes and 
the countryside stewardship scheme. 
 
The two energy crop schemes were only able to 
stimulate 12,000 hectares and current statistics 
show a decline to 10,000 hectares compared to a 
target of 40,000 hectares (DEFRA, 2015).  
 
UK Government and DEFRA         
Clean Air Act 1993 (Legislative) 
Air quality Management  
Restriction for biomass boilers in smoke 
Modern solid biomass boiler technologies are 
generally manufactured to meet air quality 
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The Office of Gas and Electricity 
Markets (OFGEM), is the 
government regulator for the 
electricity and downstream 
natural gas markets in Great 
Britain (Legislative and Judicial) 
controlled areas.  
 
Administration of Air quality requirement for the 
RHI and issues RHI emissions certificate 
 
Enforcement of compliance to Clean Air Act 
(1993)  
standards. 
 
Air emissions standards and certificates required 
for the RHI is a positive driver to maintain air 
quality. 
There are concerns about wood stoves and open 
fires, which are not under the RHI and are more 
common sources of air pollution (UK Environment 
protection). 
UK Government Biomass 
Sustainability working group co-
chaired by DECC and DEFRA, 
(Executive) 
 
OFGEM (Executive) 
 
Development of sustainability requirements  
The development of sustainability criteria for the 
Renewable Heat Incentive 
 
 
Administration of the sustainability requirement 
of the Renewable heat incentive. 
The development and administration of 
sustainability criteria for the RHI indicate success 
as sector actors are able to meet and sometimes 
exceeding the sustainability requirements. The 
management of the scheme is also said to 
satisfactory on the whole (BEIS, 2016) 
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6.2.1 Evaluation of Progress, Institutional Governance and Implementation strategies  
In this section, the status and progress of the policies and action plans in the four processes 
i.e. forestry resource management, energy crop production, air quality management and 
development of sustainability requirement that are highlighted in Table 14 are discussed, 
identifying limitations and drivers.  This is followed by a critical review of the institutional 
governance pattern and implementation strategies derived from primary data (Interviews 
with actors) and secondary data (reports) in this action space.   
Forestry Resource management: The key institutions and organisations involved in this 
process with particular relevance to the UK wood fuel sector include the Forestry Commission 
(FC), The Forestry Stewardship council (FSC), Programme for the Endorsement of Forest 
Certification (PEFC), the Woodland Trust, The Grown in Britain initiative in collaboration with 
the Confederation of Forestry industries (CONFOR) and CLA forestry.  The outcomes of the 
different action plans and policy programmes indicate a mix of varying levels of success and 
lack of progress.  
Firstly, the Forestry Commission’s Woodland in Management (WIM) action plan indicates a 
slow progress from 52% in the base year 2011 to 58% in 2015 (Forestry Commission, 2015).  
This progress may have been facilitated by a number of grants schemes including the 
woodland planning grant offered by the forestry Commission to encourage woodland 
management. However there is a need to improve the progress rate if the target to bring 66% 
of private woodland into management by 2018 and 80% in the long term, will be achieved 
(Forestry Commission, 2015; interview 23). Also within the Forestry Commissions remit, the 
felling licence compliance rate at 99.95% is very high. However the statistic is presented as 
known felling. It is unclear what this means but it may suggest that there may be some non-
compliance in felling that is not reported or known to the organisation. Further, for woodland 
creation, there was a decline in the year 2015, which is said to be due to problems in 
administration of the countrywide stewardship scheme (Forestry Commission, 2015; 
interview 23). Finally, the management of tree disease remains a concern although the 
numbers of established pest and tree diseases have declined. Both FSC and PEFC certification 
schemes are still relevant to the UK in providing chain of custody and forestry management 
certification and assurances. However it seems that there is a slight decline in the certified 
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forest areas for the FSC certification in the past ten years from 1.7 million hectares in 2007 to 
1.6 million hectares in 2017. More significantly the number of certificates has declined from 
100 certificates in 2007 to 37 in 2017 (Davis, 2015; FSC, 2017). This may be as a result of 
reduction in the number of certification applications and/or may also be due to a rising 
number of group certifications (Davis, 2015). 
The Woodland Trust continues to support wood fuel as part of the management plan 
suggested to woodland owners. However, its support comes with a caveat that the use of 
wood fuel continues to remain sustainable (Woodland Trust position statement, 2013; 
interview 20).  
Finally, the Grown in Britain licence is reported to be a growing success with increasing 
awareness and interests as well as the successful issuance of its licences. A key driver of this 
success is its awareness and promotional activities, which include the annual Grown in Britain 
week (Grown in Britain, 2016; Interview 23). 
Energy crop production: Institutions and programmes involved in this process include the 
Department for Environment, Food & Rural Affairs (DEFRA) and Natural England, which is 
under DEFRA. The outcome of the energy crop scheme facilitated by both organisations 
indicates a failure to meet its target of 40,000 hectares given the current planting rate of 
10,000 hectares. There are a number of reasons for this failure including a lack of an 
implementation plan that are discussed in the next section. 
Air quality management:  Relevant Institutions and programmes/policies include the UK 
Government and DEFRA, The Office of Gas and Electricity Markets (OFGEM) and policies such 
as the Clean Air Act 1993. Currently, air quality is well managed because modern biomass 
boilers are manufactured to meet air quality standards. In addition, the air emissions 
standards required for the RHI is a positive driver to maintain air quality. However, there are 
concerns about wood stoves and open fires, which are not under the RHI and are more 
common sources of air pollution, which are discussed in the next section (Environmental 
protection UK, 2013; interview 25).  
Development and administration of sustainability criteria: The UK Government Biomass 
Sustainability working group co-chaired by the defunct Department of Energy and Climate 
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Change (DEC) and DEFRA as well as OFGEM were the main organisations involved in this 
process. Recent reports on the RHI (DECC, 2016), indicates that sector actors are able to meet 
and sometimes exceed the sustainability requirements. The management of the scheme is 
also said to be satisfactory on the whole.   There are a number of drivers to this success. These 
include easy and accessible information, effective support and a range of flexible methods or 
sources by which applicants could demonstrate their eligibility to meet the land criteria; a 
sustainability requirement for the RHI. These flexible requirements helped to facilitate the 
uptake of the scheme (BEIS; interview 25). The following now reviews the governance 
patterns of these institutions and implementation strategies 
Review of Governance patterns: most of the institutions in this action space exhibit an 
executive type of governance, which involves providing direction, support in executing and 
implementing the programmes. However, the legislative/judicial governance is used by 
OFGEM to maintain air quality through the Clean Air Act and the emission certificate 
requirement for the RHI. It is also employed by the Forestry Commission in its felling licence 
regime. The governance patterns of both organisations are examined in turn:  
In view of the expected rise in the installation of wood fuel boilers as a result of the RHI and 
the range of potential air pollution problems associated with the use of stoves and wood 
burners, such as non-compliance to the smoke control areas, lack of safety awareness, 
internet stoves and DIY installation (Environmental protection UK, 2013; interview 25). A 
Wood Heat Association officer in an interview states that:  
“Ofgem needs to implement a more rigorous audit and enforcement regime 
and more should also be done to regulate other biomass boilers such as log 
boilers and stoves which are not under the RHI’’ (Interview 25) 
The less than demanding audit or enforcement regime for air quality was also a concern noted 
in the Renewable Energy strategy report (DECC, 2009). This suggests that a more judicial 
governance pattern may be more suitable to ensure and maintain air quality.  
In the case of the Forestry Commission, an executive / legislative governance is used by the 
Forestry Commission for the sustainable management of forestry resources. This is because 
the Forestry Commission is generally more inclined to setting standards and limits and then 
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providing advice and support (executive governance) rather than enforcing regulation 
(judicial governance). This was one of the findings of the Hampton Implementation review 
report by the Department of Business, Innovation and Skills (BIS) and the Better Regulation 
Executive (BRE) (2010, p.31). It states that: 
“The FC relies on a range of regulatory approaches and delivery methods to 
achieve its stated outcomes. Enforcing legislation and regulations appears to 
be a fairly minor part of the way the FC achieves its outcomes. It appears to 
rely more on providing incentives through the grants programme; providing 
advice and guidance; and demonstrating good practice through the 
management of the woodland under its control” 
The report also revealed that only 10% of staff time is used for regulation.  The tendency to 
avoid judicial governance of the forestry commission is particularly demonstrated in its 
graduated approach to sanctioning illegal tree felling; starting with restocking notices and if 
ignored, may carry on the work and charge for it. If all the previous steps are not complied 
with then it may then persecute leading to a fine of £2,500 or twice the value of the tree with 
a maximum of £5,000.  In general, it has been observed by sector actors that the fine is not 
enough of a deterrent because of the considerable profits that can be generated from such 
illegal felling activities (Interview 21,24,25; BIS and BRE, 2010). Also the Forestry Commission 
does not have regulatory powers to enforce compliance to the UK forestry standards (BIS and 
BRE, 2010). Also there is a general lack of inspectors to ensure compliance to the UK forestry 
standards (Interview 21; Davis, 2015). Therefore it was suggested that in certain areas such 
as in the felling license sanctions mentioned above and also in case of compliance to the UK 
forestry standards, stricter regulatory powers with more stringent fines should be explored 
(BIS and BRE, 2010).  
Evaluation of Implementation Strategies: A critical evaluation of the institutional 
implementation strategies in this action space revealed a number of shortcomings. These 
were derived from sector actor interviews and document analysis and then categorised 
according to the following themes, ambiguous implementation plans, a lack of awareness and 
information, complex and too much information required for participating actors, uncertainty 
in funding, unsuitability of the programmes in meeting actor needs. 
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Ambiguous implementation plans were observed in some of the programmes. In particular, 
the plan to increase energy crop mentioned in both biomass strategy reports (DEFRA, DTI, 
Dept of Transport, 2007 and DECC, 2012) did not have a clear implementation plan. This was 
also a concern raised by an energy crop consultant in an interview (Interview 42). The use of 
ambiguous words like ‘encourage’ and make ‘sense to do so’ can be described as ‘escape 
hatches’, which according to Clay and Schaffer (1984), Sutton, (1999) and Slade et al., (2009) 
are used by policy makers to avoid the responsibility of ensuring proper implementation.  The 
lack of an implementation plan and the use of escape hatches described above do not help in 
executing these plans and in monitoring progress. This may be one of the reasons why the 
uptake of energy crops has seen limited success, because clear objectives and 
implementation plans are the first step towards achieving programme targets.   
Further, lack of information and awareness was also a limiting factor in the WIM programme.  
In particular, only 2 out of 15 woodland owners contacted were aware of the targets to bring 
woodlands into management. According to a woodland advisor (Interview 21):  
“There is too much dependence on word of mouth to get these plans out there. 
I only know about the plan because I have sat in Forestry Commissions 
presentations as part of my work. There need to be more professional 
advertisement and awareness campaign” (Interview 21). 
In addition, there were complaints that the forms were too complex so that most woodland 
owners needed advice and assistance. This was the case for all 6 of the woodland owners who 
applied for grants (Interview 21) also too much private information were required.  A 
woodland owner (Interview 13) stated,  
“I have heard that some people do not want to deal with the FC due to various 
reasons like privacy, a certain lack of trust for governmental bodies and 
avoiding the bureaucracy” (Interview 13). 
Similarly, complex information, bureaucracy and a long application process was observed in 
the administration of the energy crop grant schemes and the country wide stewardship 
scheme. A review of the energy schemes by Lindegaard, (2013) highlighted these 
shortcomings. For instance, the information required for the applications was regarded as 
120 
 
complicated and onerous particularly because the farmers needed to submit complex maps 
and annotations as well as invoices, paper work and calculations to claim the grant, which 
was 50% of their eligible establishment costs. Also the application approval period was 
considered too long and bureaucratic with a minimum of 3 to 4 months turnaround. For the 
countrywide stewardship scheme the main problem was the lack of coordination, between 
the three bodies that coordinated the scheme; the Forestry Commission, Natural England and 
the Rural Payments Agency (RPA).  Also it involved a complex bureaucratic process because 
the funding came from the EU. There were also technical difficulties in the application and 
payment processes (House of Commons, 2017).  
Further, some requirements of both the Forestry Commission woodland planning grant and 
the energy crop scheme were regarded as inflexible. For instance in both cases, grants were 
only given to farmers or woodland owners with over 3 hectares of land. Given that most of 
the woodlands and the areas designated for energy crops in farms are usually below that 
threshold, the requirement is not fit for purpose.  Also the farmers in the energy crop scheme 
were required to have an end user contract at the time of application, this put some farmers 
at a disadvantage because they had to quickly rush into agreements on some less than 
profitable contracts (Interview 42; 12). 
For Forestry certification, the significant decline in the number of forestry certified certificates 
from about 100 in 2007 to 37 in 2017 may be as a result of growing dissatisfaction with the 
FSC certification process. First, there is increased cost of certification that affects individual 
certifications and not group schemes. Also, there is a perception that the audit process is 
excessive and at times corrective measures are unnecessary. Further, there is   little difference 
in the price of certified timber compared to non-certified timber in some areas and finally a 
perception that UK forests are already well regulated by the forestry commission and hence 
certification is an unnecessary burden (CONFOR, 2014; Davis, 2015). 
In addition, uncertainty and funding gaps is another issue faced by sector actors. For instance 
the momentum gained by both energy crop schemes has been lost due to a gap in funding 
since 2013. Despite calls for phase three of the scheme, there have not been any more energy 
crop grants nor has there been any other strategy to further stimulate energy crop production 
(Interview 42, 12). This may partly be due to the lack of interest by farmers and a loss of 
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political will because the budgets for both energy crop schemes were significantly under-
spent (Lindgaard, 2013; interview 42). Similarly, the Forestry Commission woodland 
management grant was also underspent (Interview 21,24). In addition, there are also some 
uncertainties concerning the funding of the RHI scheme beyond 2020.  
Finally, some of the programmes were reported to be unsuitable to meet the various needs 
of sector actors. Interviews with woodland owners  (Interview 13 14, 15, 38, 39, 40 and 
woodland officers  (Interview 20,21,24) reveal that some of the woodland owners are 
motivated by financial considerations whilst others are more interested in the recreational 
and conservation benefits of woodlands. Therefore, an effective communication and 
awareness campaign aligned to these interests may be necessary in collaboration with bodies 
such as CONFOR and the CLA forestry especially for owners which require economic gains 
(Interview 21, 42).  
For energy crops, the major concerns relate to a lack of security of income, low returns and 
cash flow issues when compared to annual conventional crops (Sherrington et al., 2008; 
Sherrington and Moran, 2010) For instance, the 50% establishment grant in the second 
energy crop scheme is not enough incentive given that farmers are not paid a annually and 
then have to wait 4-7 years to get their investment back (Lindegaard, 2013, interview 42, 12). 
Also farmers in some areas do not have access to the necessary infrastructure and equipment 
as well as the human resources to chip, process and market wood chips from these energy 
crops. Thus, it is suggested that part of the significant underspent budget of both schemes 
could have been allocated to meet these equipment and infrastructural needs as well as for 
the development of skills (Lindegaard, 2013; interview 42). In addition, to allay income 
security fears an underwriting from Government or a Government backed insurance scheme 
could be established (Sherrington and Moran, 2010). 
 
6.3  Skills, Quality and Networks Action space 
This action space is concerned with institutions that are involved in the development of 
human capital. The components of the action space include the need to provide accurate and 
timely information, improve on the availability of skills i.e. forestry management skills as well 
as wood fuel processing. In particular, the availability of biomass heat installation skills is 
critical because of the frequent breakdown of biomass boilers installations. Further, the need 
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for a strong voice and effective cooperation between actors, as well as uniform well defined 
certification processes were important issues identified. Table 15 describes key institutions in 
this action space derived from the policy development process as well as institutions 
identified during the course of the research. It also outlines the status and progress of their 
corresponding action plans and programs. 
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Table 15 - Key Institutions / UK Government Policies in the Skills, Quality and Networks Action Space 
Institution/policy description 
and (Governance pattern) 
 Processes: Action plans and 
programmes  
Status and Progress  
Biomass Energy Centre: A one   
stop information centre for 
biomass energy (Executive) 
 
 
 
Energy Saving Trust (Executive) 
 
 
Availability of information  
It provides specialist information to 
promote sustainable biomass 
production and technology 
deployment  
 
It promotes energy efficiency energy 
conservation, and the sustainable use 
of energy by providing information 
and guidance  
The Biomass Energy Centre has ceased operations as a 
stand-alone information website due to loss of funding. It 
provided free advice on fuel, equipment and technical and 
regulatory issues. (Forest Research, 2016). 
  
The Energy Saving Trust is still ongoing but recent budgets   
cuts has affected some of its services (Interview 26) 
 
Office of Renewable Energy 
Deployment (ORED) and 
Department for Community and 
local Government (CLG) 
(Executive) 
 
Training and Skills Development  
Expert Support Network and the 
Planning Advisory Service (PAS) 
ensure the right planning skills and 
knowledge are available at local and 
regional level  
The expert support network programme has been 
successfully completed. Although there are calls for an 
extension. The planning advisory service is currently 
ongoing but has now changed from free services a 
subscription service due to limited government funding 
(Centre for Sustainable Energy, 2016).  
The Forestry Commission 
(Executive)  
 
 
 
 
 
 
Training and skills Development 
The Forestry Skills Action plan is to up 
skill the current, and train the future, 
forestry workforce and improve skills 
for wood fuel management. It 
identified various gaps in skills to be 
addressed, like management, 
procurement and forecasting skills 
37 apprenticeships funded and a further 45 forestry 
apprenticeships to be funded in the private sector 
(Forestry Commission, 2012). The FEE initiative is set to 
further train 14 apprentices (Forestry Commission, 2015). 
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and the need for apprentices.   
Key Wood fuel Training 
providers: (Executive) 
Rural Development Initiative: 
Lantra Skills Council  
 
Forest management consultancy and 
biomass training providers  
 
 
 
Skills council for training those 
working within the land-based and 
environmental sector. 
The Rural Development Initiatives (RDIs) and Lantra have 
tried to adapt and improve courses according to the skill 
gaps identified in the Forestry Commission skills action 
plan (2009).  
 
The RDI ignite training courses include the Wood fuel 
Production and Supply, bespoke fuel supply chain training 
such as wood fuel for farms and estates 
 
Lantra courses include project management, business 
planning and development and financial planning 
The Heating Equipment Testing 
and Approval Scheme (HETAS) 
is a major training provider for 
solid fuel, wood and biomass 
(Executive) 
Training and Skills development  
Provide specialist biomass training for 
heat engineers and installers  
Ongoing development and delivery of biomass training 
courses including a range of biomass installations courses 
(HETAS, 2016). 
UK Government and The 
Heating Equipment Testing 
(HETAS) Approval Scheme) It 
manages Microgeneration 
certification. (Executive and 
Judicial) 
WoodSure Certification: is the 
only UK wood fuel quality 
assurance scheme standard for 
chips logs and briquettes  
Certification  
The scope of the MCS Schemes covers 
the supply, design, installation, set to 
work, commissioning and handover of 
the microgeneration technologies 
including biomass technologies.   
Inspects wood fuel producers to 
ensure that they produce and supply 
wood fuel to the correct wood fuel 
quality  
The ENplus quality seal accounts for 
Significant increase in uptake of certification For example, 
the MCS certified over I million installations in 2016 
compared over 3,000 certified installations in 2009 (MCS, 
database, 2016).  
 
 
 
Uptake to the wood sure certification is not publicly 
available. But there are reports that the scheme is growing 
so much so that Woodsure is set to work more in 
collaboration with HETAS (HETAS, 2016). 
 
Progress: 20 companies, 20 certified ENplus traders and 4 
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(Executive and Judicial)  
Enplus Certification: is a 
certification scheme for wood 
pellets. (Executive and Judicial) 
the whole wood pellet supply chain –It 
conforms to the EN 14961-2 standard 
for wood pellets and it is administered 
by the UK pellet council (UKPC). 
certified producers by 2015 compared to only 8 
companies certified as Enplus traders in 2014 to 05 (UKPC, 
2016). 
 
The Wood Heat Association 
(WHA): A UK trade association 
for the modern wood heating 
industry, made up of wood fuel 
suppliers, biomass boiler and 
stove installers and distributors, 
energy companies and 
developers (Executive)  
 
UK Pellet council (UKPC) is a 
trade body subsidiary of 
Renewable Energy Association 
established in 2011 
representing the interest of the 
wood pellet sector comprising 
of manufacturers and 
distributers. (Executive) 
Networks 
It represents the interest of sector 
actors and undertakes lobbying, 
policy development, information 
dissemination activities and promotes 
the installation of high quality wood 
heating systems and the security of 
supply.  
 
 
It manages the certification of pellet 
quality scheme (ENplus) and 
promotes the interest of council 
members.   
 
The interests of sector actors are increasingly being 
addressed. For example the some of the WHA policy 
priorities (WHA, 2016) have been met in the recent UK 
Government Renewable Heat Incentive reform (BEIS, 
2016). 
 
 
 
 
 
20 companies, are members compared to only 8 companies 
in 2014 (UKPC,2016). 
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6.3.1 Evaluation of Progress, Institutional Governance and Implementation strategies 
In this section, the status and progress of the policies and action plans in the four processes 
i.e. Availability of specialist information, Training and skills development, Quality certification 
and Networks, highlighted in Table 15 are discussed, identifying limitations and drivers. This 
is followed by a critical review of the institutional governance pattern and implementation 
strategies derived from primary data (Interviews with actors) and secondary data (reports) in 
this action space.   
Availability of specialist information: The Biomass Energy Centre (BEC) and the Energy Saving 
Trust (EST) are key organisations relevant to the UK wood fuel sector for providing specialist 
information at the sector level.  For the BEC, full operations have ceased due to an end in 
public funding although its contents are still hosted in the forestry research website but not 
updated frequently. Similarly but to a lesser degree, the services provided by the Energy 
Saving Trust has also been constrained in response to budget cuts and the need to re-
structure the organisation. 
Training and skill development:  There are a number of organisations and programmes that 
are relevant to the training and skills development in the wood fuel sector. First, the Planning 
Advise Service (PAS) and the Expert Support Network, both provided training for renewable 
energy planning to local Government planning officers. In the forestry sector, the Forestry 
Commission’s forestry skills and action plan identified skills gaps and action plans to meet 
them in conjunction with the Rural Development Initiative and the Lantra Skills Council, which 
are key training providers in the sector. In addition, the Heating Equipment Testing and 
Approval Scheme (HETAS) is a major training provider for solid fuel, wood and biomass 
training particularly for biomass heat engineering and installations.  
Further, limited funding has hampered the progress and the status of some of the 
organisations and programmes in this process. For instance the Expert Support Network, 
which had a funding of £10 million have been completed in just one year although there are 
calls for further funding because it services are still required. For the PAS services, work is still 
on-going but it currently charges for some of its free services due to limited funding. On the 
other hand, progress has been observed in the Forestry Commission’s plan to train 
apprentices. There are also indications that training courses are being developed and adapted 
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by the wood fuel training organisations to meet the skill gaps identified in the Forestry 
Commission Forestry Skills Action Plan, (2009). For example, technical skills such as machinery 
operation, chain-sawing, harvesting and forwarding as well as on project management skill 
such as business planning, supply chain management, accounting and financial literacy, 
procurement as well as supply forecasting and quality control.  
Quality certification: The HETAS scheme, Woodsure quality assurance scheme and the 
ENplus scheme are the main quality certification and accreditation organisations for the UK 
wood fuel sector. The Woodsure scheme covers wood log chips and briquettes and the ENplus   
scheme is for pellet only. The HETAS scheme in conjunction with the UK government 
administers the micro-generation certification.  
In all the schemes there are indications of significant progress in the number of certification 
over time as shown in Table 15. Another positive development is the establishment of 
uniform certification standards in the sector, which has helped to raise awareness and 
ensuring fuel and installation quality in the UK (Interview 32, 25 and 28).  
 Networks: Key Organisations relevant here are the Wood Heat Association (WHA) and the 
UK Wood Pellet Council (UKPC). Both organisations have helped to improve networking and 
information sharing between sector actors as well as representing the interests of the sector 
especially in regards to the RHI as shown in Table 15 (WHA, 2016; UKPC, 2016). The following 
now reviews the governance patterns of these institutions and implementation strategies. 
Review of Governance patterns: In terms of governance pattern, Table 15 shows that 
executive governance is the prevailing type of governance in all the institutions and 
programmes in this action space. However for the certification programmes there is an 
element of judicial governance because of the possibility of non-compliance post certification 
and also the fraudulent use of certification logos. According to the Woodsure website 
(Woodsure, 2016), certified producers or suppliers that fail to maintain the high standards to 
which they have committed through Woodsure assessment and membership will be subject 
to a stringent review procedure before they can once more claim to be an approved fuel 
source. Also the Endplus website (Endplus, 2016) publishes a blacklist of companies that have 
used their logs frequently. However given that wood fuel quality is critical to the proper 
functioning of biomass boilers, perhaps wood fuel product standards could be given a legal 
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status, just like air quality standards to drive compliance to the standards and ensure wood 
fuel quality.  
Evaluation of Implementation Strategies: The shortcomings identified in the implementation 
of the different programmes include lack of continuity lack due to limited funding, the 
prevalence of short-courses and limited wood fuel courses at the college and university level, 
expensive training courses for individuals or small to medium enterprises as well as a lack of 
specific targets to meet the different skills gaps for training and development. Furthermore, 
inconsistency in monitoring procedures for certification and then short-term thinking, self-
interests and a need for more representative members were issues identified in relation to 
certification and network trade bodies respectively.  
Firstly, actors in the sector lamented the lack of continued support for the BEC (Interview   
21,24,27,). As one interviewee, a local government renewable officer put it:  
“the BEC was a very useful one stop information website. Now, I don’t know 
where to direct interested people, the content on the forestry commission 
website are not frequently updated and are limited” (Interviews 27).   
Also, there were calls for the extension of the expert support network after it operated for 
only one year (Centre for Sustainable Energy, 2016). 
Further, the prevalence of short courses as opposed to college or university courses for wood 
fuel was a concern raised by the Director of Operations of the Rural Development initiative. 
In his interview he mentioned that there have been efforts to include a more focused wood 
fuel or bioenergy courses in Universities and some colleges, but that has not been as 
successful in England compared to Scotland where such courses are beginning to be adopted 
(Interview 29, 30, 31) adding that short courses are good for those with a related qualification 
but university or college based courses will be very useful in raising awareness and making 
wood fuel/bioenergy mainstream professions as well as help train the next generation, which 
is an issue because most of the work force in the sector are above 40 years  (Forestry 
Commission Skills Action plan, 2009; interview 29).   Similarly, heat engineers interviewed 
mentioned that more renewable energy focused engineering courses should be introduced 
at the university level (Interview 33, 34, 35). In addition, the training of apprentices was seen 
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as key to the development of the sector, therefore Government funding of apprentices will 
help small and medium sized companies to accept apprentices (Interview 29, 32).   
Further, the need for financial support for training was also mentioned by a number of heat 
engineer interviewees because time and money were seen as major barriers to training 
especially for individuals and small to medium sized companies (Interview 33, 34, 35). 
According to one heat engineer: “The biomass sector is barely viable itself and training is 
expensive in both time and money” (Interview 33). 
 The high demand and the eventual expansion of the government renewable heat training 
voucher scheme further confirm the need for training support. The scheme was seen as a very 
positive step in the right direction (DECC, 2014; Interview 33, 34, 35). According to a 
participant heat engineer: “If not for the vouchers I will not have gone for the training or it 
could have taken me a much longer time to save the funds or get my company to pay” 
(Interview 34). 
For skills and training development in general, it was suggested that the training providers 
should collaborate so that specific training targets to meet the different skills gaps should be 
identified with clear information on where to get trained as well as the scholarships and 
grants available (Interviews 29, 32).  
In general, experience with wood fuel quality and the micro-generation certification 
procedures are seen to be positive by the sector actors interviewed (5, 33, 34, 35, and 41). 
Prior to the introduction of the Renewable Heat Incentive (RHI), they were seen as expensive 
because they did not add much value. However since the introduction of the RHI and the 
Woodsure/ Endplus scheme, awareness amongst customers have risen so that the expense 
of certification is now worth it because customers are unwilling to deal with non-certified 
actors especially if they wish to claim the RHI  (Interview 5,33,34,35,41).  However some 
actors have identified inconsistencies in the monitoring procedures for certification. For 
instance in some certification schemes, if an operator has multiple processing sites, the 
certification scheme only inspects one site instead of all the sites (Interview 41, 5). This 
obviously provides a loophole for malpractice in other sites. There are also notable 
differences in the international version of one of the certification schemes compared with the 
European version (Interview 2, 4, 32, 41). The difference was as a result of an agreement by 
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the European governing body to reduce some requirements for the UK in order to encourage 
the uptake of the scheme in an immature market like the UK for an initial period of three 
years. However due to continued lobbying and request for an extension of the grace period 
by UK trade bodies, subsequent years saw the publication of a less stringent international 
version (Interview 2, 4, 32, 41). According to an interviewee, “this new international version 
has been watered down to the point that anything goes (Interview 41). For example, the 
European version requires a silo (a pressurised vehicle) to deliver the wood pellets to avoid 
degradation. In the new international version, second hand tippers blower trucks are 
acceptable in the UK to reduce cost. Further, the frequency and type of inspection was also 
seen as inadequate. In some of the certification schemes, onsite inspection take places every 
three years, with remote inspection taking place in the years between based on checking 
paper work which may not be sufficient to detect malpractice. Also the routine inspections 
are scheduled, giving the producer time to get prepared rather than unscheduled inspections, 
which gives the true picture of the operations (Interview 4, 41). In addition, an interviewee 
pointed out that although certification covers some necessary issues, it does not mean that 
all certified producers are the same. There are other important parts of the production and 
delivery process that the customer needs to check such as the number and reliability of 
vehicles to ensure that there is back-up in case of breakdown and also back up stock in storage 
to ensure fuel availability (Interview 4, 41)  
Concerning networking and information sharing amongst actors, there has been some 
reported improvement, particularly in addressing the interests of the wood fuel sector actors 
at the national level. However, there are still some issues to be addressed (WHA, 2016; UKPC, 
2016). For instance, the WHA could benefit more if there is a Forestry Commission 
representative in their ranks as well as other key sectors (Interview 25). Further, there are 
also some tensions between commitments to long-term benefits as opposed to looking for 
short -term gains by some of the actors as well as self-interests tendencies. For instance, given 
that the RHI needs to be administered cost effectively so that most if not all eligible systems 
are rewarded before the budget is reached, it was revealed that some sector actors took 
advantage of the differences in non-domestic biomass boiler tariffs to install larger systems 
than required in order to claim the RHI at a higher tariff level (Interview 25, WHA, 2016). 
However, the plan to use the same level of tariffs for all non-domestic boilers in the recent 
131 
 
RHI reform will stop this malpractice (BEIS, 2016). Also, it was reported that some sector 
actors fraudulently registered more than one address in the Biomass supplier list (BSL) to 
increase their visibility on the list (WHA, 2016; Interview 25).  
6.4 Cost effectiveness /financial incentive, infrastructure and low carbon 
innovation Action Space 
The processes of this action space include the need to provide incentives and capital grants 
to stimulate the uptake of wood fuel technologies and improve cost effectiveness as well as 
providing the necessary infrastructure. Other areas of importance include the need for 
effective innovation to improve technology and infrastructural performance. Table 16 
describes key institutions in this action space derived from the policy development process 
as well as institutions identified during the course of the research. It also outlines the status 
and progress of their corresponding processes: action plans and programs. 
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Table 16 - List Key Institutions / UK Government Policies in the Cost effectiveness/financial Incentive, Infrastructure and Low Carbon 
Innovation Action Space 
Institution/policy 
description and 
(Governance pattern) 
 Processes: Action plans and 
programmes  
Status and Progress  
The UK Government 
Energy Act, 2008                  
(Legislative and 
Executive)  
Financial incentive and infrastructure 
Renewable Heat Incentive (RHI) to 
facilitate renewable heat technology 
deployment 
Non-domestic RHI commenced in November 2011 and is still ongoing. 
Funds spent: approx. £330million, projects accredited and funded: 
approx. 14,500 with solid biomass representing 93.5% of approved 
installations (Ofgem, 2016a). 
 
Domestic RHI commenced in April 2014 and it still ongoing.  Funds 
spent: approx. £89million, projects accredited and funded 47,658. Solid 
biomass represents 57% of approved installations. funds spent on 
bioenergy alone is £51 million (Ofgem, 2016b). 
UK Government/DEFRA 
financial funding 
(Executive)  
Financial incentive and infrastructure   
Promote renewable heat/CHP through 
a range of capital grant schemes such 
as the Bioenergy Capital Grants 
Scheme, Bioenergy Infrastructure 
Scheme, the Low Carbon Buildings 
Programme  
 
 
Bioenergy infrastructural scheme commenced in 2005 and completed 
in 2011. Funds spent: £3.5million, projects funded; 30(DEFRA, 2004) 
 
Bioenergy Capital grants scheme commenced in 2007 and completed in 
2011, Funds spent: £1.9million, project funded: 216 projects; 10.MW of 
installed capacity, 7 CHPs and the rest heat only facilities (DECC, 
2012c).  
 
The Low Carbon Buildings Programme: commenced in 2006 and 
completed in 2011, funds spent: £105.3 million, project funded: 19,216 
projects including 750 wood fuel systems/pellet boiler room and 
storage, representing 4.7% of total installations, funds spent on wood 
fuel is £4.3 million (DECC, 2011). 
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Heat Networks Delivery 
Unit (HNDU) (Executive) 
Financial incentive and Infrastructure  
Development funding support to 
support early stages of heat network 
development with multiple heat 
sources including biomass for local 
authorities. 
HNDU: commenced in 2013, spent: £14million in 6 rounds, projects 
funded: 201 heat networks projects across 121 local authorities in 
England and Wales. Mostly gas CHP however there is a requirement for 
the systems to be flexible enough to use other heat sources including 
biomass (DECC, 2015). 
The Government and 
the UK Green 
Investment Bank 
(Executive)  
 To develop a new programme of direct 
Government investment in green 
infrastructure. About £100 million to 
invest in small waste infrastructure 
projects (typically in the size range of 
£15-25 million), on a fully commercial 
basis and Supporting innovation in 
energy crops, biofuels and biomass for 
power and heat.  
UK Green investment bank ongoing established in 2012, funds spent: 
£2.7bn, project funded: 85 green infrastructural projects (GIB, 2016), 
23% of funds for waste and bioenergy including biomass fuelled CHP 
installations i.e. £621 million (GIB, 2016). 
 
 
UK Government in 
conjunction with the 
Low Carbon Innovation 
Coordination Group 
(DECC, ETI, TSB, Carbon 
Trust and Research 
Councils, innovate UK 
which is a group of   
public sector funded 
organisations that 
supported low carbon 
innovation in the UK 
(Executive). 
Low carbon Innovation  
Support sustainable bioenergy 
innovation as part of a suite of low 
carbon innovation technologies to 
enable the UK to meet its 2020 and 
2050 renewable energy and emissions 
targets.  
 
In particular, a new CCS 
Commercialisation Programme to 
support practical experience in the 
design, construction and operation of 
commercial-scale CCS projects, 
including those using biomass as a fuel 
The LCICG was established in 2008 has recently been replaced by the 
Energy innovation Board.  It developed the Technology Innovation 
Needs Assessment for Bioenergy and its strategic framework for 
innovation (LCICG, 2014; LCICG, 2016). 
 
 
 
 
The CCC commercialisation competition has been cancelled (DECC, 
2015b). 
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source to achieve negative emissions. 
The UK government 
Climate Change Act 
2008 (CCA) (Legislative) 
Zero carbon policy for new homes by 
2016, which include the installation of 
low carbon or zero carbon like 
bioenergy technologies  
The zero carbon policy was introduced in 2006 and was cancelled in 
2015  
However 8,000 Zero carbon houses are set to be built between 2016 
and 2018 using a 1.1bn cash from private investors (House of 
Commons, 2016). 
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6.4.1 Evaluation of Policy/institutional processes and programme implementation  
In this section, the status and progress of the policies and action plans in the two main 
processes i.e. financial incentives and infrastructure as well as low carbon innovation, as 
highlighted in Table 16 are discussed, identifying limitations and drivers.  This is followed by 
a critical review of the institutional governance pattern and implementation strategies 
derived from primary data (Interviews with actors) and secondary data (reports) in this action 
space.   
Financial incentive and infrastructure: Key programmes and organisations relevant here are 
the Renewable Heat Incentive derived from the UK government Energy Act 2008 and a 
number of recent bioenergy capital grant schemes from DEFRA and the UK Government such 
as the bioenergy Capital Grants Scheme, Bioenergy Infrastructure Scheme, the Low Carbon 
Buildings Programme as well as the Heat Networks Delivery Unit (HNDU) and the UK Green 
Investment bank. 
Firstly, given that the cost effectiveness of the sector is still largely dependent on incentives 
and grants, the capital grants and programmes evaluated in Table 16 indicate that over the 
years, considerable funds have been invested into the bioenergy heat sector totalling about 
5.7million of capital grants and 621 million investment from the green investment bank 
although this includes funds for bioenergy waste facilities. In addition, the domestic RHI 
incentive has spent a total £51million on bioenergy heat technologies and the non-domestic 
RHI has spent £330 million for all technologies with bioenergy comprising of 93.5% of all 
installations. The institutional drivers that facilitated the provision of incentive and capital 
grants include easy and accessible online application, improved awareness campaigns and 
good support from relevant institutional bodies (WHA, 2016; interview 25, 36). 
 Low Carbon Innovation: The Low Carbon Innovation Coordination Group (LCICG) comprised 
of a number of key organisations such the UK Government Department of Energy and Climate 
change (DECC), Energy Technology Institute, Technology Strategy board (TSB), Carbon Trust, 
Research Councils and Innovate.  Its remit was to support sustainable bioenergy innovation 
as part of a suite of low carbon innovation technologies to enable the UK to meet its 2020 
and 2050 renewable energy and emissions targets. A major project of the group was the 
Carbon Capture and Storage (CCS) Commercialisation Programme. In addition the Zero 
 136 
carbon policy was another innovative initiative by the UK government for all new homes to 
be zero carbon by 2016, as a result of employing a range of energy efficient measures as well 
as the installation of low carbon technologies like bioenergy.  
Unfortunately all the programmes in the low carbon innovation process have been recently 
cancelled. In 2016, the LCICG was replaced by the Energy Innovation Board due to a variety 
of problems including a lack of coordination and communication amongst other issues that 
are discussed in the next section. Also in the same year, the CCS Commercialisation 
programme was also cancelled. In addition, the zero carbon policy was cancelled in 2015. The 
following now reviews the governance patterns of these institutions and implementation 
strategies 
Governance Pattern Review: As in the other action spaces, executive governance is the 
prevailing governance pattern except for the Renewable Heat Incentive (RHI) and the Zero 
carbon policy, which are based on a legislative governance pattern derived from the UK 
Energy Act 2008 and the UK government Climate Change Act 2008 respectively.  Given that 
the action space has to do with providing financial support as well as supporting technology 
innovation and infrastructural development, the prevalence of the executive governance 
pattern is necessary to create an avenue for ensuring adequate support, partnership as well 
as mutual consultations and communications between the institutions and the relevant 
stakeholders of the programmes. On the other hand, the legislative governance of the RHI 
and the zero carbon policy could have benefitted from more elements of executive pattern 
governance such as proper stakeholder consultations and communications so that changes 
and cancellations are properly consulted with all relevant stakeholders before they are 
announced. For example the cancellation of the zero carbon policy and the regression of some 
RHI tariffs, which was later reinstated in the recent RHI reform after proper stakeholder 
consultations (BEIS, 2016).  
Evaluation of Implementation Strategies: The following are limitations in the 
implementation of the programmes in this action space. For both financial and innovation 
programmes, they include uncoordinated public funding, limited and short term funding, lack 
of institutional stability, changes in the criteria for funding as well as limited communication 
and awareness of capital grants and innovation. For infrastructural development the main 
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problem apart from limited funding was a lack of political will to complete projects and 
programmes.  
To start with, the lack of coordination of public funding for the development and innovation 
of renewable energy technologies was a recurrent problem identified in a number of 
Government reports including the National Audit Office (2010), National Audit Office (2013) 
and the House of Commons report on the Low Carbon Innovation Coordination Group (House 
of Commons, 2014).  According to the National Audit Office (2010), data on the overall level 
and distribution of public funds to support renewable energy technologies is not routinely 
collected and published. This was still a concern in a later report by NAO (2013), which states 
that different remits and objectives of the funding schemes meant that the different metrics 
are used to monitor performance so that it was not possible to establish an overall 
performance of the schemes in relation to their achievement of the Government renewable 
energy targets.  
Secondly, limited and short term public funding are major issues that both innovation and 
capital grant programmes are faced with.  For low carbon innovation, total spending by the 
LCICG members reduced by 33% between 2010-11 and 2011-12 and there was limited 
financial commitment from the Government beyond 2015 (NAO, 2013; House of Commons 
2014). Also funding bodies for low carbon innovation were reported to focus more on short-
term results rather than long-term goals. As a result, companies lack confidence in future 
public funding to be able to plan their long-term investment strategy (NAO, 2013). Similarly, 
Uyarra et al., (2016) states that a general concern of respondents working in high innovative 
tech companies is that available grants do not offer sufficient level of support forcing them 
to raise additional internal funds to maintain their work. Also, the loss of venture capital 
funding for the Carbon Trust was cited as a major setback for low carbon innovation funding 
(Uyarra et al., 2016).   
For capital grants, one of the major criticisms of the Green Investment Bank is that it is focuses 
on big energy intensive projects and industries and large manufacturers, rather than SMEs 
(Uyarra, et al., 2016). Also, there were concerns about the continuity of the RHI beyond 2020 
(WHA, 2016; interview 25). Further, the Heat Networks Delivery Unit was limited because it 
only funded the feasibility phase of potential heat networks projects, leaving local authorities 
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to fund the rest of the project. This proved to be challenging because only marginal rates of 
returns were expected from these projects hence they are unattractive to private finance and 
reliant upon public investment (HNDU, 2014).  
Lack of communication and awareness of capital grants and innovation is another issue that 
needs to be addressed. Lack of communication was one of the major criticisms of the Low 
Carbon Innovation Coordination Group (LCIGG).  For instance, the development of the 
Technical Innovation Needs Assessments (TINA) was developed without sufficient 
consultation with industry (House of Commons, 2014). Moreover, the TINA assessments were 
limited in addressing wider barriers and opportunities such as the planning system or supply 
chain (House of Commons, 2014). In addition, the awareness of the institution’s Low carbon 
funding landscape navigator which was set up to provide information on innovation 
opportunities was low due to ineffective communication and advertisement. Similarly, for the 
low carbon building scheme, a lack of general awareness of the programme hindered progress 
towards the objective of increasing awareness of micro-generation technologies more widely 
(IPSOS MORI, 2015). Moreover it was felt that the LCBP did not successfully support the full 
range of technology as its design favoured the solar PV industry. Also, the definition of Micro-
generation was said to be a limiting factor on the scale of systems supported by the scheme 
especially heat technologies (IPSOS MORI, 2015). 
Finally, institutional stability and changing criteria for funding is another barrier to facilitating 
cost effectiveness through grants and incentives as well as enabling effective innovation and 
infrastructural development. For example, the frequent regression of support for small-scale 
biomass systems in the domestic renewable heat incentive scheme led to significant 
reduction in the uptake of the domestic RHI (OFGEM, 2016; interview 36, 37).  Similarly, there 
are reports that through the life of the low carbon building programmes, the householder 
stream, lacked continuity in terms of programme structure and criteria. This caused 
uncertainty from both industry and customers and interrupted the uptake of grants under 
this stream (IPSOS MORI, 2015; DECC, 2011). At the innovation front, the Low Carbon 
Innovation Coordination Group (LCICG) has now been superseded by the new Energy 
Innovation board, the tendency of the government to change organisations and structures do 
not help to ensure continuity. According to Uyarra et al., (2016), many respondents lamented 
the ‘chop and change’ institutions:   
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“The perception is that each new government is setting up its own institutions, 
‘muddling’ through changes rather than having a settled and long-term view 
of what innovation institutions they want” (Uyarra et al., 2016 p.269). 
Further, the removal of the Regional Development Agencies in 2013 was seen as detrimental 
to the innovation and development of renewable energy technologies at the regional level. 
The RDAs were instrumental in developing renewable energy strategies and mapped low 
carbon and renewable industries in their area (South East Planning and Partnership Board, 
2010). They have been replaced by the LEPs, which have limited resources that limit their 
effectiveness (Uyarra et al., 2016). In addition, the cancellation of the zero carbon policy and 
the carbon capture and storage (CCS) commercial competition has brought about a lot of 
uncertainty in the development of low carbon homes and carbon capture and storage which 
could be used in conjunction with bioenergy to deliver negative emissions.  For the zero 
carbon policy, several bodies have criticised its demise. For instance, more than 200 business 
in the construction, property and renewable energy industries have asked that Government 
should reconsider the decision to abandon the zero carbon homes policy (Green Council, 
2015) because according to Energy Saving Trust (2015) the cancellation may mark the end of 
building high quality sustainable homes to meet our carbon reduction targets.  On the 
cancellation of the carbon capture and storage scheme, The ETI (2015) comments that the 
decision to axe the previously committed £1bn CCS commercialisation competition is a 
serious setback both in decarbonising the UK energy system and engaging industry and 
investors. 
6.5 Summary: Implementation drivers and shortcomings and implication of 
vulnerable aspects and governance patterns  
The aim of the evaluation process undertaken in this chapter was first to identify the relevant 
institutions in the action spaces as seen in Tables 14, 15, 16. Secondly the plan was to evaluate 
the progress and status of key action plans and policies in each action space in order to 
identify crucial issues that have not been adequately tackled that may constitute gaps and 
areas of vulnerability (Vulnerable aspects) in achieving sector growth and resilience. Thirdly 
the evaluation process was designed to identify how the institutional implementation 
strategies and governance patterns can help to drive or hinder the progress of action plans 
and programmes across the three action spaces. Table 17 presents the main findings of this 
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chapter. It outlines the key drivers and shortcomings of the implementation strategies in each 
action space and relevant process (written in italics) and then highlights the vulnerable 
aspects resulting from the implementation shortcomings in the last column. Following Table 
17, the implication of the vulnerable aspects identified are discussed as well as the 
governance patterns of the institutions.  
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Table 17 - Main Findings:  Implementation Drivers /Shortcomings and Vulnerable Aspects 
Action Space  Implementation Drivers Implementation shortcomings  Vulnerable Aspects  
Sustainable 
Management of 
Resources and 
Environment 
Action Space 
-A variety of woodland management 
grant funding (Forestry resource 
management)   
 
-Accessible information 
 
-Effective support     
 
-Flexible methods or sources to 
demonstrate eligibility  
(Sustainability criteria development and 
eligibility)  
 
-Modern biomass technologies meet air 
quality standards 
 
- RHI emissions standards and certificates 
(Air quality management) 
-Ambiguous implementation plans  
 
-A lack of awareness and information 
 
-Complex and too much information 
required 
 
-Expensive forestry certification for 
individuals 
 
-Uncertainty in funding and unsuitability of 
the programmes in meeting actor needs  
 
-In-sufficient inspections for compliance 
(Forestry resource management and energy 
crop production) 
 
-A lack of stringent and rigorous audit and 
enforcement regime (Air quality 
management) 
-Bringing private woodlands into 
management (WIM) 
 
-Woodland creation  
 
-Energy crop production  
 
- Air quality management especially   for 
technologies not under the RHI  
Skills, Quality and 
Networks Action 
space 
-Progress in the training of Forestry 
Commission’s apprentices (Training and 
development).  
 
-Adaptation of courses to meet to meet 
the skill gaps identified in the Forestry 
Skills Action Plan (Training and 
development). 
 
-Closedown and limited funding for specialist 
information websites (Availability of 
specialist information) 
 
-Limited funding for renewable planning 
support for local authorities (Training and 
development) 
 
-The prevalence of short-courses and limited 
wood fuel courses at the college and 
The provision of accurate and timely 
information   
 
 
The training of local government 
planning officers for renewable energy 
planning applications 
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-Progress in the number of certification 
over time  
-The establishment of uniform 
certification standards in the sector 
(Certification) 
 
-Improved networking and information 
sharing representing the interests of the 
sector (Networks) 
 
 
university level. (Training and development) 
 
-Expensive training courses for individuals or 
SMEs  
 
-Lack of specific targets to meet the different 
skills gaps for training and development 
(Training and development) 
 
-Inconsistency in monitoring procedures for 
certification 
 
-Short-term thinking, self-interests and a 
need for more representative members 
(Networks) 
Cost Effectiveness 
/Financial Incentive 
infrastructure and 
Low carbon 
Innovation Action 
Space   
-Easy and accessible online application,  
 
-Improved awareness campaigns  
 
-Good support from relevant institutional 
bodies 
(for all processes in this action space) 
-Uncoordinated public funding,  
 
-Limited and short term funding,  
 
-Lack of institutional stability,  
 
-Changes in the criteria for funding 
 
-Limited communication and awareness of 
financial capital grants and low carbon 
innovation funding 
 
-Lack of political will to complete 
infrastructural projects and programmes. 
(For all processes in this action space) 
-Limited progress in low carbon 
technology innovation  
 
-The provision of necessary 
infrastructure at the sector level such 
the CCS in conjunction with bioenergy 
for negative emissions and zero carbon 
new homes 
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The following highlights the Implications of the vulnerably aspects and governance patterns. 
As shown in Table 14, the plan to bring woodland into management (WIM), wood land 
creation and energy crop production are vulnerable aspects in the sustainable management 
of resources and environment action space because of limited progress and failures to reach 
targets, hence these programmes are at a risk of not reaching the required potential to ensure 
sector growth. In particular the planting of energy crops is essential to ensuring domestic 
resource availability as well as providing socioeconomic benefits such as diversified income 
especially to farmers. Other potentially significant issue at risk in this action space is the 
maintenance of air quality especially for those appliances and technologies not under the RHI 
scheme. If air quality declines as a result of increased and under-monitored wood fuel use, it 
will be detrimental to the development of the sector because of a negative change in 
perception and acceptance of wood fuel technologies. The evaluation of the action space also 
revealed that the sustainability requirements of the RHI have so far been adequately met due 
to drivers such as flexible requirements and easy access to information. However some of its 
shortcomings in implementation need to be tackled to maintain sustainability standards such 
as a lack of adequate monitoring that fail to detect and penalise some fraudulent practices in 
the registration of BSL supplier lists under the RHI scheme. These practices, if left unchecked, 
may undermine the system and induce a lack of confidence in the system and harm the 
reputation and growth of the sector.  
In the Skills, Quality and Networks Action Space, setbacks in terms of providing accurate and 
timely information was reported because of the closing down of the Biomass Energy Centre 
website and the reduction in funding levels for the Energy Trust.  Also, the training of local 
government planning officers is at risk, due to the short duration and limited funding of the 
expert support network programme and the free services provided by the Planning Advisory 
Service (PAS). Thus, the provision of accurate and timely information and the training of local 
government planning officers for renewable energy planning applications are key vulnerable 
aspects of the action space. The availability of information is important and reoccurs as a 
major limitation in the implementation of polices and action plans across the three action 
spaces. It is also important that accurate information is easy to access given the emergent 
and fragmented nature of the sector. On the other hand, this action space reports good 
progress in the training and development for forestry management skills as well as biomass 
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heat installation skills, there are also good progress in ensuring uniform fuel quality and 
installation certification standards. The progress in these aspects i.e. training and certification 
will help to create more jobs in training and development as well as improve the skill set of 
sector actors that will enhance sector development and improve resilience. However, there 
are also some shortcomings in the implementation for some of these aspects that might 
hinder further progress, such as the described inconsistencies in monitoring procedures for 
certification, expensive training courses for individuals or small to medium enterprises as well 
as a lack of specific targets to meet the different skills gaps for training and development. 
For the Financial Incentive/Cost Effectiveness infrastructure and Low carbon   Innovation 
action space, the evaluation process indicated that technology innovation and the provision 
of infrastructure are the critical issues that are at risk of not being adequately addressed 
because they have been beset by changes in institutional structures as in the LCICG, 
impromptu cancellations as in the CCS competition and the Zero carbon policy and a general 
lack of political will. The setbacks in innovation and infrastructural development need to be 
addressed urgently in order to meet renewable energy targets. Moreover these cancellations 
and changes have a detrimental impact on potential socioeconomic benefits. However there 
has been progress in the provision of capital grants and incentives, especially the RHI, which 
has led to a significant increase in uptake of wood fuel burners and boilers although there are 
also some implemental shortcomings that need to be addressed such as limited and short 
term funding, changes in the criteria for funding as well as limited communication and 
awareness of capital grants. In addition, there seems to be a gap in capital funding for wood 
fuel technologies and supply chain infrastructure which may still be required to stimulate the 
sector, given that the RHI only pays out to those with a biomass systems. Therefore, capital 
grants are still needed as a first step to acquiring those systems before they can be funded by 
the RHI. However, it is recognised that the funding of wood fuel projects cannot go on 
indefinitely; there is a need to begin the process of creating avenues by which the sector can 
be weaned off subsidies and incentives as a means of achieving growth and resilience in the 
long term.  
Finally, an overview of the governance pattern exhibited by institutions in all the action spaces 
indicates that the executive governance is prevalent, although some legislative and judicial 
governance were observed. However there are some issues in each action space that required 
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a change in the governance pattern in order to facilitate progress in the policy or action plan. 
The inability some of the institutions to change their governance pattern in the face of change 
or in anticipation of potential future challenges is a shortcoming that reflects a lack of 
institutional resilience and this might hinder progress in some action plans and policies and 
hence sector development. For example the less than stringent judicial governance exerted 
by the Forestry Commission in relation to the enforcing the UK forestry standards and the 
felling of tree licenses may have a detrimental impact on the sustainable management of 
forestry resources especially if the wood fuel sector continues to develop. Similarly, the lack 
of strict judicial enforcement and monitoring of air quality standards for stoves and other non 
RHI appliances by Ofgem may be potentially harmful to the sector if air quality standards 
begin to decline and it is blamed on the wood fuel sector as earlier stated. For the skills quality 
and network action space, it was observed that a legislative governance could confer a legal 
status to wood fuel quality standards such as the air quality standards, which may enhance 
compliance given the critical importance of wood fuel quality to boiler performance, end user 
confidence and supply chain development. Finally, for the financial incentive/cost 
effectiveness, infrastructure and low carbon innovation action space, the governance pattern 
issues relate to the need to combine some executive governance elements such as 
stakeholder consultations and effective communication strategies to legislative governance 
before decisions such as cancellations or reduction in funding are made on policy action plans 
and programmes. This is to avoid end user and investor confusion and lack of confidence in 
the sector.  
6.6 Conclusion and Links to the RELISC framework 
In conclusion this chapter has highlighted important vulnerability aspects that need to be 
addressed in each action space in order to achieve sector development and resilience. It has 
also revealed how shortcomings and drivers in the implementation of policies and 
programmes as well as institutional governance patterns have hindered or facilitated 
progress in each action space highlighting their impacts on deriving socioeconomic benefits 
as well as sector development and resilience.   
This aspect of the research is part 2 of the institutional structures and governance (ISG) stage 
of the RELISC framework as shown in Table 10. It serves as an input to the case study level 
stages to show sector to supply chain linkages, such as the institutional and external 
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governance on the corresponding supply chain action spaces and processes as shown Fig 1. 
Also, the vulnerable aspects identified in this chapter form part of the vulnerable context at 
the supply chain and the sector level and feeds into the Supply chain resilience (SCR) stage.  
The next three chapters (7, 8, 9) are the case study chapters. They present the results of the 
case study stages of the RELISC framework as shown in Table 10. These include the SSG stage 
(value chain mapping and identification of internal governance pattern) stage, the FCA stage 
(available or limited capital resources and implications of governance patterns) and the SCR 
stage (Assess supply chain with supply chain resilience framework). The next chapter presents 
the first case study. 
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Chapter 7: The Wood Pellet Supply Chain Case Study 
7.1  Introductions and Outline 
This chapter sets out the results of the first case study, which is the wood pellet supply chain. 
This case study level is the core of the RELISC framework. It comprises of the supply chain 
structures and internal governance (SSG) stage, the Five Capital Analysis stage (FCA) and the 
Supply Chain Resilience (SCR) stage.  
The case study supply chain is introduced by a description of its establishment including the 
motivations and drivers at the set up stage as well as socioeconomic and natural resource 
considerations. Secondly, the supply chain production and delivery process is described in 
order to identify the firms and organisations in the supply chain. The information is used to 
determine the supply chain structure and governance patterns and then provides more 
details on key organisations in the supply chain.  Thirdly, the implications of external 
(institutional) and internal (supply chain) governance in the three action spaces and their 
processes shown in Fig.5 are presented as well as the result of the five capital analysis which 
highlights the areas of capital resource limitations and availability that may act as constraints 
or facilitators of the governance of key processes in each action space. Finally the supply chain 
is evaluated using the supply chain resilience framework to determine the extent of the 
supply chain’s resilience and its impact on socioeconomic benefits, supply chain development 
and sector growth. 
 
7.2 Introduction to the Wood Pellet Case study 
Details of the history and current state of the wood pellet industry in the UK can be seen in 
section 3.4.2.   The pellet case study is a typical large-scale UK pellet manufacturing plant that 
also trades its pellet to mostly commercial properties and some domestic houses for space 
and water heating.  The establishment of the wood pellet plant was conceived by a group of 
environmentalist entrepreneurs, who were keen to reduce the pollution caused by the UK 
energy industry. The members of the group were already part of a renewable energy 
consulting and installation company, so the wood pellet plant is an extension of the parent 
company.  
7.2.1 Motivating factors for Wood Pellet 
At the onset, a wood pellet plant was established in 2006 at another location, where the 
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company experimented with a relatively small-scale wood pellet plant that proved successful 
and generated 25,000 tonnes of pellet per annum. The Managing Director (Interview 1) states 
that the motivation was not to make “tonnes of money” but to play a part in building a low 
carbon future. Wood pellet was chosen amongst other options like wind energy because 
there was a very small base of domestic large-scale pellet production in the UK at the time. 
Most pellets in the market were imported. Other drivers for pellets include the cost 
competiveness of pellet fuel because its high energy density as well as production cost, 
logistical, quality and chain of custody advantage of being onshore as opposed to importing 
pellets. Drawing from the success of the first plant, funds generated from its sale in addition 
to some private equity investment were used to establish the current wood pellet facility in 
Scotland. The process took about three years from late 2009 to when it was commissioned in 
2012.  Another key motivation at the time was a positive renewable business environment 
encouraged by the coalition Government’s announcement in 2010, that it will be the 
“greenest” government ever. According to the Managing director (Interview 1) the statement 
was significant because at the time, crucial decisions were being made about the relocation 
and expansion of the wood pellet plant to Scotland amidst some regulatory and political 
uncertainties. He states that:   
“We were prepared to take our risks for biomass at the time, the opportunities 
were out there and we wanted to take advantage, however continued 
regulatory and political support are critical” (Interview 1). 
7.2.2 Socioeconomic and Natural Resource considerations 
The current factory covers 15 acres and includes the main pellet production plant, producing 
60,000 tonnes of pellets per annum. The plant is located in a factory that was formerly used 
as a textile manufacturing plant, which had been derelict since the late 1990s. The site is on 
lease for about 10 years. According to the Managing director, “We brought life into a dead 
asset” (Interview 1).                                                                                                                                                                                                                                                                                                                                          
The building of the plant took 16 months with about 250 men on site at the peak of 
construction, comprising of highly skilled workers such as mechanical, electrical and chemical 
engineers, construction workers and project managers. Currently there are about 28 local 
people working at the plant, with 26 individuals that have lived locally for 10 years or more 
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the catchment zone. Further, the factory has a CHP plant with overall efficiency approximately 
80%, which makes use of 45,000 tonnes of blended waste biomass fuel comprising of virgin 
waste fibres arboriculture arising and compost oversights hence significantly reducing landfill 
waste and the GHG emissions of the plant. The electricity produced from the CHP meets the 
all the demand from the plant and associated buildings and the rest is sold to the National 
Grid. Feedstock for the pellet manufacture is also derived from rejected logs from sawmill, 
which were previously sent to paper mills that are currently in decline. Also the plant is close 
to the coast to receive deliveries by ship from around Scotland, hence has the potential to 
reducing road travel and emissions (Interview 1 and 2).   
7.3 Value chain Mapping and Governance pattern 
The renewable energy consulting and installation company is the parent company to the 
wood pellet manufacturing plant. Since the focus here is on the wood pellet manufacturing 
supply chain, the wood pellet plant is regarded as the lead firm. The plant has about 28 
employees including the Managing Director, Operations Manager, wood-fibre procurement 
officer, plant operators, and sales employees as well as accounting and administrative 
personnel. The lead firm is the starting point of the supply chain process, which involves the 
following stages: 
• Feedstock procurement (round wood and sawdust) 
•  Timber/sawdust haulage to pellet plant   
• Timber Processing and resizing: debarking and chipping round wood using a debarker 
and a wood chipper and then crushing using a hammer mill  
• Pellet manufacture: drying using a dryer, pelleting into desired size under high 
pressure using the pelleting machine and a pellet cooler to cool the pellets  
• Pellet packaging is done using a pellet packaging machine  
• The final step in the process is sales and wood pellet haulage to end-users 
 
About 50% of feed stock procurement is arranged through a five year fixed price contracts 
with two sawmills and the rest is purchased in spot markets as well as through a Forestry 
Commission bidding process (Interview 2). Feedstock is obtained from an average radius of 
56km with 20-25 timber truckloads delivered per day by 10 -12 fulltime equivalent drivers 
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and handlers from two main haulage companies. A total of 120,000 tonnes of feedstock are 
sourced per annum, for the production of 60,000 tonnes of pellets. The waste from the pellet 
production process as well as arboriculture arising from some tree surgeons is utilised as 
feedstock for the CHP plant (Interview 1,2). The pellet manufacture and packaging takes place 
in the plant, which delivers 400 tonnes of wood pellet per day to 10 distributors including a 
major distributor and then to commercial end users including a poultry farm as well as 
domestic end users, who buy the pellets bags of 10kg and 15kg. Average distance to end-
users is about 200km; this reflects the small and sparse demand base of pellet heating in the 
UK (Interview 2,4). Figure 4 shows the internal governance pattern and supply chain structure 
of the wood pellet supply chain. 
 
Figure 4 - Internal Governance and Structure of the Wood Pellet Supply Chain 
 
In Figure 3, the governance patterns are determined based on interview responses and 
observation that are assessed against the internal governance criteria in Table 9 in section 
4.6. The governance patterns are described in relation to the lead firm, which is the wood 
pellet plant. Firstly, there are 15 different organisations that the wood pellet plant can derive 
its feed stock based on spot markets and auctions, thus the relationship between the wood 
pellet plant and those organisations is arms-length/market based governance because there 
are no contractual arrangement or information flow between the pellet plant and these 
organisations. On the other hand, the wood pellet plant has two sawmills on a fixed price 
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contract. Information on current and future feedstock availability, schedules and delivery 
plans is exchanged between both organisations. Further, 2 timber haulers serve the sawmills 
on a contractual basis and both organisations exchange information to coordinate timely and 
cost effective deliveries. At the post pellet production part of the chain, the lead firm is in a 
balanced relationship with about 10 pellet distributors from around the UK. A significant 
amount of information on maintaining pellet quality, handling, storage, delivery scheduling 
and other transportation and infrastructural requirements are exchanged and monitored 
between all the pellet distributors and lead firm. However, a particular pellet distributor 
works closely with the lead firm offering technical support and logistical support as well as 
training other distributors and lead firm employees when required. According to the MD, 
correct pellet handling and haulage procedure is critical part of their supply chain, he states: 
“what is the point of manufacturing perfect quality pellet if they are to be destroyed during 
handling and transportation”  (Interview 1). 
Also, hierarchical governance is exhibited between the pellet plant and installers in the parent 
company and then balanced governance between the installers to the end-users. According 
to the Operations manager (Interview 2) “we work hand in hand with installers in the parent 
company and are constantly being recommended to end-users by the installers” (Interview 2). 
On the other hand, the end-users work with the installers based on a balanced relationship 
by indicating their preferences and also taking advice and drawing from the experiences of 
the installers. Finally the relationship between the end users and the pellet company is buyer 
driven, given that the pellets are manufactured based on the end-user’s system specifications 
and the demand for pellets from end-users drives the whole chain. According to the Managing 
Director (Interview 1),  “Maintaining a certain demand threshold is critical to the continuation 
of our business” (Interview 1).                                                                                                                                                                                                                                                                                                                                
7.4  Key Organisations in the chain  
This section further describes the role and experiences of key organisations that are part of 
the chain. They include one sawmill and a major pellet distributor and a major end-user.  
7.4.1 Sawmill: Log and sawdust supplier and pellet distributor  
The sawmill is a family run business since 1832 and is currently run by two bothers. The 
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company is located within 19km from the wood pellet plant.  It produces about 20 tonnes of 
wood co products per week, which were previously disposed of through a contractor for 
£8,000 per annum or sent to a nearby paper mill at a cheap price. Further down the line, the 
co-products were used as feedstock for a small pellet manufacturing plant within the sawmill, 
but the small-scale pellet manufacture failed due to low output, frequent breakdowns, lack 
of knowledge and a dedicated personnel to operate and understand the system. According 
to the proprietor of the sawmill, the plan was to create value from their waste but as it turned 
out they needed to put in more investment to get an appropriate and better quality pellet 
machine for their needs, which was to make good quality pellets for commercial purposes. In 
addition, they also needed to learn how to actually make the pellets, as it was not as 
straightforward as they initially thought (Interview 3). Therefore when the wood pellet plant 
was established in 2012, they discarded their pellet plant and started supplying the lead firm. 
Sale of sawdust and discarded co-products to the wood pellet plant constitutes about 10% of 
the sawmill turnover. It is currently seeking funding to get an automated log production 
system to increase its efficiency and outputs (Interview 3). It is also a distributor of wood 
pellet from the wood pellet plant, delivering 10 kg and 15kg bags as well as bulk delivery using 
a tipper lorry to local end-users. 
7.4.2 Pellet Distributor 
The major pellet distributor distributes the largest share of pellet from the lead firm.  It has 
over 15 depots all across the UK. The wood pellet plant (lead firm) is one of its four depots in 
Scotland. It was founded in 2004 with the aim to play a leading part in the development of 
the nascent wood pellet heating market at the time. Initial steps for its establishment included 
active promotion of renewable heating and the wood fuel sector in particular to the public 
and the UK Government because Government and regulatory support was seen as vital to the 
development of the sector (Interview 4). Further in 2007, they were able to establish a joint 
venture with another company, which provided financial support similar to a private equity 
arrangement. In this case it involved the partners taking up some shares of the business. 
However by 2008, the need for further investment meant that the founders had to sell their 
shares to the new partners, who took control of the company and then began to invest in the 
infrastructure needed to bring local wood pellet deliveries to most parts of the UK. A set of 
key decisions was made to give the company a competitive advantage and also to establish 
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professional standards and procedure for the sector.  Firstly, they decided to invest in 
specialist equipment rather than using second hand equipment, In particular they have 
invested in 32 pressurised tankers to maintain pellet quality at delivery instead of tipper 
blowers used by most other delivery companies. The tanks come in different sizes is to suit 
customers of all sizes and accessibility.  Specialist drivers were also trained to operate these 
vehicles and professionally deliver the pellets. Secondly, they have also established 17 
regional depots throughout the UK so that the wood pellets could be hauled as efficiently as 
possible to the local area. Currently, they collect from five British pellet factories and 
eight import stores.  Thirdly, they have established a rigorous set of procedures and invested 
in equipment beyond that required by the ENplus scheme, which they are certified in all their 
various depots. According to the MD, the rigorous quality procedures are especially needed 
for imported wood pellet, which tends to be cheaper and of less quality due to long distance 
travel and numerous points of handling. The procedures for imported pellets cost more than 
double the basic procedures employed by other players in the sector.  Imported pellets are 
required due to increased demand from the renewable heat incentive, even though British 
manufactured pellets are gradually building capacity in quality and quantity (Interview 4, 2). 
The company was also highly involved as part of the UK pellet council to establish the ENplus 
standard in the UK. Moreover they have sponsored and trained their staff and the staff of 
pellet manufacturers in their supply chain on how to handle bulk solids, who are then 
equipped to advise customers on how to handle their pellet properly as an added value to 
customers (Interview 4). 
In total the company employs about 31 employees comprising of sales and administrative 
staff as well as account managers and 23 drivers. Some of the employees were employed in 
the declining paper industry. For example two of the drivers used to deliver timber to paper 
mills.  The company’s turnover for the year 2015/2106 was about £12 million delivering 
56,000 tonnes compared to £1million with an output of 7,000 tonnes nine years ago 
(Interview 4). 
7.4.3 End –user: Poultry Farm  
The end user is a poultry farm, which supplies poultry to major supermarkets such as M&S, 
Tesco and Sainsbury. In recent years most of its customers and end-users have been 
requesting and then demanding for more sustainably produced chicken. Hence the company 
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decided to investigate ways to be more sustainable and lower carbon emissions in a cost 
effective manner. It was critical for the farm to have a reliable and cost effective system 
because a failed system will mean loss of stock   and cost effectiveness was necessary to 
maintain their competitive advantage.  As stated earlier the wood pellet manufacturing plant 
(lead firm) is part of an energy installation and consulting company. This company in 
partnership with an ESCO company provided an outsourced low carbon heating system to the 
farm by first going through a trail period, which demonstrated the reliability of the system 
and to understand how the system performed without any capital commitment (Interview 
1,2).  
The system comprised a 975 KW wood pellet boiler situated in a containerised boiler room 
which provided hot water through a distribution system to the eight sheds measuring in total 
19,200 m2. The associated energy centre is designed to store enough wood pellets to supply 
heat for at least two weeks. The capacity of the store was one of the drawbacks of the system 
as it was too small and required topping up every two weeks. Average wood pellet 
consumption per annum is 800 tonnes /pa which displaced more than 90% of the oil used 
previously. The benefit of the ESCO arrangement means that the ESCO Company supplies and 
maintains the wood pellet systems. Also the poultry farm did not have to pay for the capital 
cost of the system up front but are required under the contract to pay monthly to the ESCO 
company from the financial savings derived from the system and also from their RHI payments 
(Interviews 1,2).  
7.5 Implications of External and Internal Governance and Five Capital 
Assessment  
In this section, the impact of supply chain (internal) and institutional (external) governance 
patterns as well as the availability and/or lack of capital resources (natural, social, human, 
physical and financial) on the different processes in each action space are described. At the 
supply chain level, action spaces are areas that depict interactions between different supply 
chain actors and between supply chain actors and institutions concerning the critical issues 
that are identified for sector growth and resilience. At this level, the actions spaces are similar 
to those identified and described in the chapter 6. They include the Sustainable management 
of Resources and Environment. People, Quality and Networks and thirdly Cost 
effectiveness/Financial incentive and infrastructure. However the key processes and 
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components of the action spaces are related but different to those at the sector level because 
they reflect the different activities at the supply chain level as shown in figure 5. 
 
Figure 5-Action Spaces and Processes at the Supply Chain Level. 
 
7.5.1 Sustainable Management of Resource and Environment 
At the supply chain level, this action space involved the following processes: sourcing for 
sustainable natural resources, ensuring genuine carbon emissions savings and managing air 
quality control and other environmental impact. The results of the implications of internal 
(supply chain) and external (institutional) governance patterns as well as the five capital 
analyses are presented below. Highlights of the results are provided in Table 18.  
Firstly, for the process of sourcing for sustainable natural resource, an internal balanced 
governance between the lead firm and a range of timber suppliers and sawmills provides a 
five year fixed price and mutual information exchange on availability and chain of custody, 
which aid stock projections and planning. On the other hand, the lead firm also buys from 
spot markets and auctions based on an arms length/market based governance patterns to 
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source for cheaper timber (Interview 1,2). However, the five capital analysis (FCA) indicate a 
constraint in obtaining and maintaining a key human resource; the wood fibre procurement 
manager in the lead firm (Interview 1,2). Externally, institutional governance for this process 
involves executive/judicial, legislative/executive and executive governance from forestry 
certification institutions such as the FSC, PEFC, the Forestry Commission and OFGEM under 
the renewable heat incentive scheme respectively. These institutional governance patterns 
ensure that sustainable resources are used in the supply chains. However, limiting capital 
factors include financial constraints due to increased certification fees, inadequate 
enforcement of the forestry standards due to lack of personnel as well as a lack of knowledge 
and interests from small woodland owners as indicated in chapter 6.   
Secondly, genuine emissions savings is ensured by the balanced governance pattern between 
the lead firm and relevant supply chain actors on contract who are required to be FSC and 
PEFC certified (Interview 1,2). However, using only certified woodlands imply that nearby 
small woodlands owners that do not have the financial or human capital resources for 
certification are cut out of the supply chain. This in turn affects GHG emissions if they have to 
source from more distant locations. Externally, the OFGEM uses legislative governance under 
the RHI scheme, requiring that GHG emissions do not exceed 34.8g per co2 per MJ of heat 
(OFGEM, 2016). This is met and exceeded by the supply chain at 8.44g/CO2/MJ (Ecuity 
Consulting, 2014; Interview 1 &2) this significant emissions saving is mainly due to the use of 
the CHP   mainly as well as other GHG saving measures (Interview 2). However, limited 
availability of local and regional end user demand means that long haulage distances over 
200km to customers has a negative impact on GHG emissions (Ecuity Consulting, 2014). 
Finally, the process of managing air quality is facilitated by internal hierarchical governance 
between the lead firm management and relevant employees in relation to the management 
of the CHP unit, to avoid breakdown and particulate emissions (Interview 1,2). Externally, it 
involves legislative/ judicial governance from OFGEM under the RHI scheme as well as 
legislative and executive governance from the local authority requiring compliance to air 
emissions limits as part of the planning application.  However, the FCA analysis reveal that 
the internal governance and the external governance are constrained by a lack of experienced 
employers to ensure proper CHP management and lack of awareness and familiarity with 
biomass CHP in planning applications respectively (Interview 1,2). 
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Table 18 -The Sustainable Management of Resource and Environment: Implications of Governance Patterns and Five Capital Analysis  
Process Governance patterns and 
Actors 
Description and implications of 
Governance patterns  
 Five Capital Analysis (Related capital) 
Sourcing for 
sustainable 
resource 
Internal Governance  
Balanced  
Lead firm to sawmills and 
other timber suppliers on 
contract 
 
 
Market based/Arms-length.  
Lead firm to tree surgeons,  
Land agents and forestry 
commission auctions  
 
External Governance 
Executive /Judicial  
FSC and PEFC bodies to Lead 
firm and supply chain actors.   
 
 
Legislative/ Executive  
Forestry Commission to Lead 
firm and supply chain 
 
 
 
Five year fixed price, mutual Information 
exchange on sustainability, chain of 
custody and spot checks for compliance 
and guaranteed availability.  
 
 
 
Spot markets and auctions 
Access to cheaper timber, no guarantees 
on availability  
 
 
Chain of custody certification ensures a 
sustainable source. It is not compulsory 
for meeting sustainability requirements 
under the RHI  
 
 
FC administers felling licenses and 
compliance to the UK forestry standard. 
Limited enforcement of the forestry 
standards by the forestry commission 
 
 
Lead firm requires an experienced wood fibre 
procurement manager (Human capital).   
 
An automated system for logs required for 
improving production capacity in sawmill 
(Physical capital). 
  
Small profit margins and added expense for   
Tree surgeons to hire transport vehicles for 
round wood delivery (Financial capital) 
 
 
Financial constraints from increasing 
certification and chain of custody fees 
especially for small woodland owners 
(Financial capital). 
 
 
Lack of knowledge, interest and awareness of 
some woodland owners (Human and Social   
capital) 
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Legislative/Executive  
OFGEM to lead firm and 
supply chain  
Under the RHI, OFGEM requires 
compliance to the land criteria, which 
requires legal and sustainable sourcing 
The lead firm uses only 100% legally 
harvested FSC or PFC certified virgin 
woods  
Financial constraints limit small woodland 
owners that cannot afford certification but 
have a felling license (Financial capital). 
 
Ensuring 
genuine 
emissions 
savings  
Internal Governance  
Balanced  
Lead firm to sawmills, tree 
surgeons, land agents on 
contract    
 
External Governance  
Legislative/Executive 
OFGEM to lead firm 
 
The lead firm only sources from firms 
that are FSC or PEFC certified. Spot 
checks to ensure GHG savings. 
 
 
 
OFGEM for the RHI requires that GHG 
emissions do not exceed 34.8g per co2 
for per MJ of heat as part of the RHI 
scheme 
Financial limitation of nearby small woodlands 
as above that affects GHG emissions if they 
have to source from more distant locations 
(Financial capital).  
 
The CHP plant significantly reduces emissions 
(Natural capital).  
Sparse end user demand requires long haulage 
distances over 200km that negatively impact 
GHG emissions (Natural capital). 
Air quality     
Management 
Internal Governance  
Hierarchical Governance  
Lead Firm management to 
employees 
External Governance 
Legislative/Executive  
OFGEM to Lead firm 
 
 
Legislative/Executive 
Local authority to lead firm  
 
Management of the CHP plant to avoid 
breakdown and emissions 
 
 
Under the RHI air quality emissions 
thresholds are 30 grams per gigajoule 
(g/GJ) net heat input for PM and 150 
g/GJ for NOx (expressed as NO2).  
 
Major planning application, pollution 
prevention to ensure compliance to air 
emissions.  
 This process requires difficult to replace CHP 
experienced electrical and electronic engineers 
(Human Capital). 
 
The CHP Plant is within this threshold and has 
a good CHPQA certificate (Natural capital). 
 
 
Lack of knowledge and familiarity with wood 
and biomass CHP by some local authority 
(SEPA) agents caused delays and endless paper 
work (Human Capital). 
 159 
7.5.2 People, Quality and Networks 
This action space involved the following processes; training and maintaining skilled 
employees, ensuring wood pellet quality as well as creating awareness and networks for the 
sector. The section outlines the results of the implications of internal (supply chain) and 
external (institutional) governance patterns in addition to the results of the five capital 
analysis which indicates resource limitations or availability related to the governance of the 
three key processes identified within this action space. Highlights of the results are provided 
in Table 19 below.  
 For the process of training and maintaining experienced employees, the lead firm 
management uses internal hierarchical governance to trains its employees on different 
technical and management processes. However, the five capital analyses (FCA) indicate that 
this process is constrained by the difficulty in obtaining and replacing human capital such as 
experienced technical and managerial employees in pellet plant management and production 
because pellet manufacturing is an art not a science that involves a learning curve and 
requires experience (Interview 1). Further, based on their mutual balanced relationship, the 
major distributor provided subsidised training opportunities to lead firm employees on solid 
fuel handling so that pellet quality is maintained. However, there was a low uptake of this 
opportunity due to time required to take off work suggesting a potential source of tension 
between both organisations (Interview 2).  
For the process of ensuring wood pellet quality, buyer-driven governance from end users has 
given rise to increasing demand for good quality pellets to avoid boiler breakdowns. However, 
the FCA analysis showed that this process is constrained by expensive and time consuming 
quality control procedures which involve sampling the pellets every hour to check quality and 
to ensure the guaranteed maximum heat production at 4,800KWh per tonne. Also the 
publication of quarterly reports on pellet quality from an independent laboratory means that 
the pellet comes with a price premium (Interview 1,2). Further, the balanced relationship 
between the lead firm and its major distributors helps to ensure that pellet quality during 
storage and transportation is maintained. However, to achieve this effectively, the FCA 
analysis reveal that the pellet plant requires essential physical capital such as specialised silos 
and some distributors require expensive pressurised tanks compared to tipper blowers 
(Interview 1, 2). Externally, executive/judicial governance from certification organisations 
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certifies and monitors wood pellet quality, thereby providing assurances to end-users of 
supplier capabilities. This leads to continued custom and increased customer base and supply 
contracts. However, certification is limited because it does not cover all aspects of the supply 
chain such as timely delivery and other logistical issues. For pellet production, it does not also 
address feedstock types and therefore the chemistry of the pellets. For example two different 
sources of certified pellets produce very different burning characteristics and heat contents 
(Interview 1).    
Further, in the process of creating awareness and networks within the sector, external 
executive governance between the UK pellet council and supply chain actors supports and 
facilitates growth of the sector by exchanging expertise, disseminating information through 
publications and providing a unified voice to the Government. However, FCA analysis 
indicates that the pellet council is mainly made up of large lead firms in the pellet supply 
chain, so that it lacks social capital from other supply chain actors as sawmills, distributors, 
end users and haulers who are not represented (Pellet council, 2016; interview 1,4). Also high 
cost in man-hours to meet obligations for meetings and support limits participation, in 
addition to the often lack of consensus on issues such as the differences in opinion on the 
level of requirements needed to meet the ENplus accreditation (Interview 4) and as discussed 
in chapter 6. Table 19 summarises this results discussed below.  
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Table 19 - People, Quality and Networks: Implications of Governance Patterns and Five Capital Analysis. 
Process Governance patterns and Actors Description and implications of 
Governance patterns  
 Five Capital Analysis (Related 
capital) 
Training and maintaining skilled   
employees 
Internal Governance 
Hierarchy  
Lead firm management to 
employees  
 
 
 
 
Balanced 
Major Distributor to Lead firm 
 Lead firm management offers   
training opportunities to 
employees on different technical 
and management processes  
 
 
 
 
Provided subsidised training 
opportunities to lead firm 
employees on solid fuel handling 
Difficult to replace 
experienced employees over 
time. Requires an experienced 
wood fibre procurement 
officer and electrical and 
mechanical engineers (Human 
capital). 
 
 Inflexible working 
arrangements and time 
constraints limits uptake of 
training opportunity (Human 
capital). 
Ensuring wood pellet quality Internal Governance  
Buyer-driven  
End users to lead firm   
 
 
Balanced 
Lead firm to pellet haulage and 
distributors  
 
 
 
Increasing demand for good 
quality pellets from end-users to 
avoid boiler breakdowns 
 
 
Need to ensure pellet quality 
during storage and transportation 
by distributors and haulage 
contractors  
 
 
Expensive and time consuming 
quality control procedures 
(Financial & Physical capital). 
 
 
The pellet plant requires 
specialised silos and 
distributors require 
pressurised tanks (Physical 
capital). 
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External Governance  
Executive and judicial 
Certification organisations to 
supply chain 
Certifies and monitors certifies 
wood pellet quality and also 
places sanctions on non – 
compliance providing assurances 
to end-users of supplier 
capabilities 
Timely delivery and other 
logistical issues are not 
guaranteed by certification 
(Physical and Human capital)  
Creating awareness and 
networking 
External Governance  
Executive  
UK Pellet council to the supply 
chain  
The council, supports and 
facilitates growth of the sector by 
exchanging expertise, 
disseminating information and 
providing a unified voice to the 
Government  
Lack of representation from 
some supply chain actors such 
as sawmills, distributors, end-
users and haulers (Social 
capital). 
 
High cost in man-hours for 
meetings and support and 
frequent lack of consensus 
(Financial and Social capital).  
 
Need a direct interface with 
Government departments like 
BEIS (formally DECC) (Social 
capital). 
 163 
7.5.3 Cost effectiveness/Financial incentive, infrastructure and low carbon innovation 
For this supply chain, this action space involved the following processes; Setting up the lead 
firm infrastructure, accessing financial support and cost effectiveness in feedstock sourcing, 
in production and operations as well as pellet delivery and customer service and finally the 
process of creating demand. The section outlines the results of the implications of internal 
(supply chain) and external (institutional) governance patterns including the results of the five 
capital analysis which indicates resource limitations or availability related to the governance 
of the three key processes identified within this action space. A summary of the results is 
provided in Table 20 below.  
The process of setting up lead firm infrastructure involved external legislative/executive 
governance from the local authority which required detailed assessment for planning 
application including air modelling and dispersal report, pollution prevention to ensure 
compliance to air emissions and other environmental impact control such as noise, visual and 
landscape impact assessment. However, Managers at the parent firm had considerable 
experience with planning applications that made it easier to deal with the local authority 
despite a relative lack of knowledge of biomass issues from local authority planners (Interview 
1). This lack of knowledge of renewable energy requirements for planning is one of the 
vulnerability aspects of the sector. 
In process of accessing financial support, external executive governance from a private equity 
fund provided up to £20 million to set up the wood pellet plant and CHP units and a further 
£6.4 million in late 2016 to expand productivity from 60,000 to 90,000 tonnes (Interview 1) 
The FCA analysis revealed that this process was facilitated by a significant human capital 
resource; the commercial manager of the lead firm, who had the experience and knowledge 
to successfully source for funds and manage the private equity fund managers, who required 
regular updates and reports.  According to the Managing Director (Interview 1):  
“He successfully pitched investment opportunities to the private equity 
investors, and raised funds of about £20m, without him it would not have 
obtained the funds at the time we did” (Interview 1).  
Also the lead firm successfully bid for a £250,000 grant from a regional enterprise fund 
because of the experience with the private equity funds and demonstrable success over the 
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years as well as the potential to create jobs (Interview 1). Other sources of financial support 
such as Government incentives were successful also due to the commercial manager. 
According to the MD,  
“Our commercial manager was successful in evaluating the financial benefits 
of different government incentives available for a biomass CHP plant and 
increased the plant’s income by £14m over the incentive period” (Interview 1).  
However, on securing a training grant, there were complaints that it involved endless paper 
work to the extent that it was not worth the person-hours (Interview 1).  
Furthermore, the process of achieving cost effectiveness in feedstock sourcing (price) and 
timber haulage, involved internal hierarchal governance from lead firm management and a 
balanced relationship between the lead firm and timber suppliers on contract.  Given that 
feed stock purchase is a major cost component for the lead firm, which amounts to about 30-
50% of cost of production. The management is always looking for better-priced sources of 
feedstock (Interview 1, 2). However this is limited by some factors. On the positive side the 5 
year fixed price contract with two sawmills provide feedstock at fixed price. However 
significant fluctuations and limited control over feedstock prices means that sometime prices 
at spot markets are lower than fixed price contracts (Interview 1,2). Other factors include 
increase in demand and price offered by other users such as particleboard makers, timber 
haulage cost (Interview 1, 2 and cheaper price of imported pellets (Interview 1, 4) 
Cost effectiveness in production and operations is achieved through the internal hierarchical 
governance of the lead firm management to its employees by ensuring maintenance and 
operations procedures are adhered to for the pellet plant and the CHP plant (Interview 1,2). 
This process is facilitated by available in-house facilities, so that all the processes are done 
within the pellet plant premises, which is cost effective and ensures proper management to 
avoid shutdown in pellet production and CHP operations. Shutting down can be costly in 
terms of lost revenue and the need to use fossil fuel for the CHP. Also the CHP plant runs on 
waste wood resources   to provide energy so that the plant is not dependent on oil prices. 
Further, adequate storage and debarking facility in the premises allows for virgin round wood 
to be air-dried and then debarked. This is cost effective because virgin wood is cheaper than 
seasoned wood (Interview 2). 
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Cost effectiveness in pellet delivery and customer service is driven by internal buyer driven 
governance, which involves sharing information and strategies on how to meet existing 
customer needs cost effectively and providing advice to customers. However, lack of 
adequate storage facilities at some end user premises limits cost effective delivery because 
customers requires smaller and more deliveries in the year instead of a larger once a year 
with adequate storage. This results in higher cost in fuel and driver hours as well as higher 
delivery prices for the customer (Interview   4). Further, more depots are required as some 
areas in the UK are still not cost effective to deliver blown pellets (Interview 4). Finally, 
significant seasonal fluctuations means that demand in winter is four times that of summer. 
In summer, there is a drastic reduction in driver and trailer usage. In winter there is a seven 
to 10 day lead-time and emergency supplies can double prices up to £500 per ton. To avoid 
this a top up service is offered if the trailer is in the area or end users can buy in groups 
(Interview 4, 1).   
The process of creating demand involves internal hierarchical governance from parent 
company to lead firm. The parent company provides consultancy and biomass installation 
services and recommends the lead firm as a potential pellet supplier. It also involves the 
balanced governance from the large distributor to lead firm, which provides feasibility studies 
for potential biomass end-users and then also recommends as a potential premium pellet 
supplier. This process also involves external executive governance with ESCO Companies; they 
provide finance and turn- key solutions to end users in conjunction with the lead firm that is 
contracted to supply pellets. This process is facilitated by the financial capital provided by the 
ESCO so that the end-user does not have to pay for capital expenses upfront but pay a 
monthly charge from the savings derived from the use of pellet for energy and other energy 
saving measures implemented as indicated in the poultry case study above (Interview 1,4). 
However, there is a lack of information and some end-users are wary of ESCO arrangements. 
It could also be more expensive and costly energy saving measures may not be implemented. 
Highlights of the results are shown in Table 20.
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Table 20 - Cost Effectiveness/ Financial Incentive and Infrastructure: Implications of Governance Patterns and Five Capital Analysis. 
Process Governance patterns and Actors Description and implications of 
Governance patterns  
 Five Capital Analysis (Related 
capital) 
Infrastructural development: Setting 
up lead firm infrastructure 
External Governance 
Legislative/Executive  
Local authority to lead firm 
Required a major environmental 
impact assessment for planning 
application including. 
Experienced managers made the 
planning application easier 
despite the relative lack of 
knowledge of biomass planning 
issues at the local authority 
(Human capital). 
Accessing Financial support 
 
 
External Governance 
Executive 
Private equity firm to lead firm  
 
 
 
Executive  
Regional enterprise funds to lead 
firm  
 
 
Executive  
Training grant provider to lead firm 
 
 
Executive/legislative 
UK Government to lead firm  
 
The provision of private equity funds 
totalling  £26.4 million to set up and 
expand productivity. Regular 
updates required 
 
 
 
Bid for £250,000 grant from regional 
enterprise funds  
 
 
 
Provision of training grants for 
employees of the lead firm  
 
Administers the CHPQA standard 
that provides access to a range of 
Government CHP incentives  
Experienced and knowledgeable 
commercial manager successfully 
sourced for and manages the 
funds (Human capital). 
 
Successful bidding for grants was 
based on experience with the 
private equity funds and job 
creation capabilities (Human 
capital). 
 
Time constraints and endless 
paper work (Human and 
Financial capital). 
 
The Commercial manager was 
successful in accessing this 
incentives and increased plant’s 
income by £14m (Human 
capital). 
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Cost effectiveness in feedstock 
sourcing (price)  
Internal Governance  
Hierarchical 
Lead firm management to   
procurement officer 
 
 
 
 
Balanced  
Lead firm and timber suppliers on 
contract  
Feed stock purchase amounts to 
about 30-50% of cost of production. 
The management is always looking 
for better -priced sources of 
feedstock.    
Fixed price from 5 year contract 
(Financial capital)  
Significant price fluctuations: 
spot markets prices may be 
lower than fixed prices (Financial 
capital).  
 
Prices offered by other users 
such as particleboard maker. 
Cost of timber haulage and 
cheaper imported pellets affects 
price (Financial capital).   
Cost effectiveness in production and 
operations  
 
Internal Governance  
Hierarchical 
Lead firm management to 
employees 
Management ensures maintenance 
and operations procedures are 
adhered to for the pellet plant and 
CHP operations  
 
 
In-house facilities enables all 
processes to be done within the 
pellet plant premises 
The CHP plant runs on waste 
wood (Physical capital). 
 
There is adequate storage and 
debarking and drying facility for 
cheaper virgin round wood 
rather more expensive seasoned 
wood (Physical capital).  
Cost effectiveness in pellet delivery 
and customer service 
 
Internal Governance 
Buyer driven   
Customer to Lead firm/ distributors  
 
Sharing information and strategies 
on how to meet existing customer 
needs cost effectively  
Lack of adequate storage 
facilities at some end user 
premises limits cost effective 
delivery (Physical and financial 
capital).  
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More depots are required as 
some areas in the UK (Physical 
capital). 
Creating Demand Internal Governance  
Hierarchyl 
Parent company to lead firm  
 
 
 
Balanced  
Large distributor to lead firm  
 
 
 
External Governance  
Executive  
ESCO companies- Lead firm  
The parent company provides 
consultancy and biomass installation 
services in conjunction with the lead 
firm  
 
 
The large distributor provides 
feasibility studies for potential 
biomass end-users in partnership 
with the lead firm  
 
ESCO companies provide finance and 
turn- key solutions to end users in 
conjunction with the lead firm 
Networking; the parent company 
recommends the lead firm as a 
potential pellet supplier to 
customers (Social capital).  
 
Networking: The large distributor 
also recommends the lead firm 
as a potential pellet supplier to 
customers (Social capital).  
 
The ESCO firm provides upfront 
financial capital for end users 
who pay a monthly charge from 
the savings derived from the use 
of pellet for energy (Financial 
Capital). 
 
 
 169 
7.6 Supply Chain Resilience Assessment  
Drawing from the information in the last section, this section assesses the resilience of the 
supply chain. As discussed in chapter 2, supply chain resilience refers to the adaptive 
capabilities of the supply chain to prepare for unexpected events, respond to disruptions, and 
recover from them by maintaining continuity of operations at the desired level of 
connectedness and control over structure and function (Cranfield University, 2003). The 
ability to deal with risks within the supply chain is the focus in this research. This reflects a 
growing realisation that although there is risk associated with disturbances from the external 
environment such as wars, epidemics and earthquakes, modern supply chains are more at 
risk from internal disturbances due to a lack of understanding in managing relationships i.e. 
governance within the supply chain network. Thus, internal supply chain risks are categorised 
into supply chain risks internal to the firm linked with process and control and risks external 
to the firm but internal to the supply chain network dealing with demand and supply issues. 
To assess supply chain resilience, a range of supply chain principles as characterised in 
literature and in the SCRAM framework (Pettit et al., 2013), has been grouped in pairs to make 
up the supply chain resilience framework, which forms the basis of the assessment. 
 Table 21 describes the principles and presents the assessment results which indicates the 
capabilities and vulnerabilities of the supply chain in relation to the principles and then 
outlines the impact on socioeconomic benefits, supply chain development and resilience 
outcomes. The following highlights key capabilities and vulnerabilities for each pair of 
principles in the supply chain resilience framework as shown in the Table 21.  
Visibility and Capacity: a key capability is the effective hierarchical governance of the parent 
company to the lead firm so that the needs of the firm are visible and it has the capacity in 
terms of human resource expertise and experience to assist the lead firm in receiving financial 
funding (private equity, grants and CHP incentives) as well as gaining planning approval. 
Further, a major physical capacity is the CHP plant that saves on energy bills and reduces the 
GHG emissions of the lead firm and the pressurised vehicles of the major pellet distributor. 
Corresponding vulnerabilities are the risk of a take-over by private equity investors, critical 
human resource requirements such as the wood fibre procurement manager and experienced 
electrical engineers and the need for more depots to deliver blown pellets to in the UK. 
 170 
Flexibility and Adaptability: capabilities include the market-based governance, which 
provides flexibility so that virgin wood fibre is purchased from spot markets and in auctions 
for cheaper price.  For pellet delivery, the major pellet distributor offers an adaptable top up 
service to customers. The main vulnerabilities are a lack of flexibility in sourcing feedstock 
from only FSC and PEFC certified timber, which cuts out non- PEFC and FSC certified 
woodlands and the lack of interest to bring woodland into management shown by some 
woodland owners and also inflexible end user demand due to inadequate storage with a 
significant surge in winter. 
Collaboration and Dispersion: a key capability for collaboration is the balanced and close 
partnership between the major pellet distributor and the pellet plant (lead firm) working 
together to ensure pellet quality and cost effective customer service as well as providing 
training opportunities to pellet plant staff (lead firm). Also the pellet plant/ parent company 
in conjunction with ESCO companies provides turnkey solutions to customer. Further the 
pellet council provides useful and practical collaborative opportunities. In terms dispersion, 
the extensive distribution network that supplies customers over 200km is a key capability. On 
the other hand, key related vulnerabilities include low uptake of training opportunity offered 
by large pellet distributor revealing some relationship tensions and the under-representation 
of other supply chain actors, such as sawmills, distributors, haulers and end users in the pellet 
council.  
Anticipation and Recovery: key capabilities for anticipation and recovery are derived from 
the legislative and executive governance of the forestry Commission and the judicial and 
legislative governance of OFGEM under the RHI land criteria requirement both of which 
ensure legal and sustainable sourcing. The vulnerabilities lies in the lack of knowledge and 
awareness of some woodland owners and the limited enforcement of the forestry standards 
as identified in chapter 6  
Market position and Security: Key capabilities here are the pellet plant (lead firm’s ability to 
meet and surpass the requirement of the executive/judicial governance of the wood fuel 
quality certification bodies and the buyer driven governance from the customer and pellet 
distributor, which demand for good quality premium pellets as well as the lead firm (pellet 
plant)’s compliance to the external governance from a range of external institutions including 
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the forestry Commission and OFGEM to ensure legal and sustainable timber sourcing. On the 
other hand, vulnerabilities observed include the high price for premium pellets, which may 
be in competition with cheaper imports. These are shown in Table 21 below. 
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Table 21- Supply Chain Resilience Assessment of the Wood Pellet Supply Chain. 
Supply Chain resilience 
framework  
Capabilities Implication on socioeconomic benefits, 
supply chain development and resilience 
outcomes  
Vulnerabilities 
Visibility and Capacity: 
Visibility involves knowledge 
of the status of operating 
assets and the environment, 
information exchange and 
visibility of abilities, services 
and capacity. Capacity 
involves possession of a range 
of abilities and know-how, 
capital resource availability as 
well as reserve capacity 
Capabilities: The needs of the pellet plants are visible to the parent 
plant company, which uses its human resource capacity to help the 
pellet to access significant financial and major planning application 
approval. 
 
Improved visibility of the pellet plant due to recommendations by 
parent company and the major pellet distributor as well as 
membership to the RHI BSL list.  
 
Free information exchange on sustainability and chain of custody 
issues with timber suppliers on contract and spot checks improves 
visibility.  
 
Physical capacity: CHP plant that runs on waste wood and adequate 
timber storage and debarking facility at plant. A wide range of 
pressurised vehicles from the major pellet distributor  
40 local jobs, Current turnover of over 20 
million pounds. The major pellet distributor 
employs 31 people  
 
 
Visibility helps to generate demand, which is 
critical to supply chain development and 
increased income. It Improves customer 
confidence and RHI payments. 
 
 
 
Savings derived from generating its own 
energy is passed on to customers and selling 
electricity to the grid generates additional 
income.  
 
Vulnerabilities: Dependence on external funding i.e. private equity 
and grants means that external bodies have a significant say on 
company processes.  
 
Critical human resource limitations such as experienced wood fibre 
procurement manager and experienced electrical engineers.  
 
Lack of visibility due to market based/ arms-length governance with 
spot market timber sellers, so that spot checks cannot be conducted 
Private equity funds come with a risk of a 
take- over or loss of income, mitigation 
strategies such as diversification of funding 
sources could help.  
  
Feedstock procurement is 30% to 50% of 
production cost, therefore a good long-term 
wood fibre procurement officer is necessary 
for cost effective production and 
maintaining or improving profit margins.  
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Infrastructural requirements include specialised storage silos for 
pellets, an automated system for logs for sawmill and more UK depots  
 
 
 
 
Lack of adequate storage facilities at some end user premises are 
reported. 
 
Improve capacity by meeting this 
requirements cost-effective e.g. buying used 
Silos and creating more UK depot to reach 
more customer for supply chain 
development and increased income  
 
End users should create larger storage 
facilities if possible to gain from cost 
effective delivery and avoid higher cost in 
fuel and driver hours as well as higher 
delivery prices for the customer 
Flexibility and Adaptability 
 
Adaptability refers to ability 
to modify operations in 
response to challenges or 
opportunities.  
Flexibility refers to the   ability 
to quickly change in 
processes, sources and 
thinking. It includes flexibility 
in sourcing and Flexibility in 
Order Fulfilment, which 
includes ability to quickly 
change inputs or the mode of 
receiving inputs and the  
ability to quickly change 
outputs or the mode of 
delivering output   
 
Capabilities:  Market based governance provides flexibility so that 
virgin wood fibre is purchased from spot markets and in auctions.  
 
The prices of sawmill co- products depends on availability and price 
offered by other consumers like the particle board makers not on cost 
of production 
 
An adaptable top up service is offered by the major pellet distributor, 
if the vehicle is delivering in the area or end users can buy in groups 
Flexible access to cheaper raw materials 
apart from fixed contract prices improves 
profit margins.  
 
This flexibility in price helps the sawmill to 
sell to the highest bidder to maximise its 
profits. 
 
 
This flexible top up service measure helps to 
reduce cost and increase sales  
Vulnerabilities: only FSC and PEFC certified timber are bought and 
used in the pellet plant.  
 
Some tree surgeons are unable to adapt to the requirement of the 
lead firm (pellet plant) to supply round wood instead of chips  
 
 
Lack of flexibility of end user demand, results in significant surge in 
demand over winter, which is four times that of summer.  
Flexible sourcing from woodland with felling 
licence also will provide income to local 
woodlands.  
Flexible arrangements with tree surgeons 
will help them to contribute and gain from 
the supply chain.   
 
Large storage system for end users could 
help to spread demand through the year to 
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In-flexible arrangements at the pellet plant limits uptake of training 
opportunities due to the need to take time off work.  
Also taking up apprentices or interns have not been considered 
avoid drastic reduction and redundancy in 
driver and trailer usage in the summer.  
 
Flexible working should be considered to 
avoid loss of training opportunity for pellet 
plant employees. Trained apprentices could 
help with providing work place flexibility.  
Collaboration and   
Dispersion  
Collaboration includes 
cooperating within the 
network and risk sharing 
Ability to work effectively 
with other entities for mutual 
benefit as well as  
Collaborative forecasting, 
Customer management, 
Communications 
 
Dispersion refers to broad 
distribution or de-
centralisation of assets as well 
as distributed capacity and 
assets and  Dispersion of 
markets 
Capabilities ESCO companies and the lead firm/parent company work 
in a balanced governance relationship (partnership) to provide 
turnkey solutions to customer,  
 
 
The major distributor works in close partnership (balanced 
governance) with the pellet plant and specifies the quality of the 
pellet required and exchanges information on best practice  
 
 
The pellet plant in conjunction with all its distributors has developed 
an extensive distribution network that supplies customers covering 
over 200km in distance. 
 
Membership to the pellet council supports and facilitates growth of 
the sector by exchanging expertise, disseminating information 
through publications  
This facilitates demand and increases 
income and provides a cost effective and 
convenient solution for the end-user.  
 
 
The relationship facilitates the productions 
of premium pellets, which commands higher 
prices required by some blue chip end users.  
The ability to supply customers over a large 
area is necessary given the current low levels 
and dispersed nature of wood pellet demand 
 
 
 
The pellet council provides a unified voice to 
the Government and helps to improve public 
awareness and acceptability of the sector  
Vulnerabilities: Low uptake of training opportunity offered by large 
pellet distributor reveals some tensions in the relationship  
 
 
Other supply chain actors, such as sawmills, distributors, hauliers and 
end users are under-represented in the pellet council  
Sensitive relationship management to avoid 
loss of potential skill upgrade and improved 
income for employees 
 
Improved engagement with other suppliers 
will avoid loss of networking and potential 
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business opportunities and supply chain 
development 
Anticipate and Recovery 
Anticipation refer to the 
ability to discern potential 
events and situations  such as 
the need to ensure the 
availability of natural resource 
through good management 
processes recovery refers to 
ability and plans to return to 
normal or better through 
resource mobilization and 
consequence mitigation 
Capabilities The Forestry Commission administers felling licenses and 
compliance to the UK forestry standard, which ensures restocking of 
trees after felling within 12months.  
 
Also under the RHI, OFGEM legislative governance requires 
compliance to the land criteria, which requires legal and sustainable 
sourcing 
Availability of sustainable feedstock over the 
years is essential and a good system of 
governance is beneficial to the environment 
and also to ensure supply chain 
development and resilience  
Vulnerabilities Lack of knowledge and awareness of some woodland 
owners and the limited enforcement of the forestry standards by the 
forestry commission means that some wood land owners may not be 
encouraged to achieve compliance  
 
Awareness campaign and enforcement 
capabilities of the Forestry Commission 
should be improved to avoid loss of 
opportunity and income for woodland 
owners or risk unsustainable practices that 
may affect supply chain and sector resilience 
Market position and   
Security 
Market position refers to the 
status of a company or its 
products in specific markets, 
Product differentiation, 
Customer loyalty/retention, 
Market share and customer 
relationships. 
Security mainly have to do 
with collaboration with 
governments as well as 
defences against threats  on 
reputations 
Capabilities:  The pellet plant is able to meet and surpass the 
requirement of the wood fuel quality certification bodies and the buyer 
driven governance from the customer and pellet distributor, through 
its rigorous quality control procedure. 
 
 
The lead firm (pellet plant) is compliant to the Legislative /executive 
governance of the Forestry commission and other certification bodies 
and the RHI scheme as well as its planning conditions  
 
 
 
 
Good quality premium pellet production 
serves as a competitive advantage. Also 
certified wood pellet quality provides 
assurances to end-users leading to 
continued and increased custom. 
 
Compliance provides added security and 
assurances that feedstock are derived from 
legal and sustainable sources. It also avoids 
possible shut down of operations due to 
non- compliance, which may lead to loss of 
reputation, market share and income.   
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 Vulnerabilities: Good quality premium pellets are relatively expensive 
to produce.  Price conscious end users may buy cheaper and lower 
quality pellets 
 
Pellet quality certification does not cover all aspects of the supply 
chain such as timely delivery and other logistical issues.  
  
 
 
The pellet council is made up of mainly large lead firms in the pellet 
supply chain, so that others involved in the suppler chain like the 
sawmills, distributors, end users and haulers are not adequately 
represented. 
Production of lower and premium quality 
pellets may help to meet the demand from 
both price and quality conscious end-users  
 
Ensure customer satisfaction to maintain its 
market share especially concerning shortfall 
in delivery and inadequate customer 
communications. 
 
Supply chain development and resilience is 
enhanced when the interest of all parties 
involved are addressed. 
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From Table 21 above the capabilities indicate areas of supply chain resilience and provide the 
following key socioeconomic benefits and supply chain development outcomes. These 
include 30-40 local jobs generated from funding and establishing the pellet plant with a   
turnover of over £20 million and a further 31 jobs in the major pellet distributor firm, including 
former distributors from the declining paper industry. Further the Supply chain is further 
developed from increasing demand due to visibility capabilities and collaboration with ESCOs 
as well as Improved profit margins, due to flexibility in sourcing cheaper timber, adaptable 
top up service and collaboration with major distributor which has the ability to meet a large 
number of dispersed customers and helps to produce premium pellets which serves as a 
competitive advantage.  
The vulnerabilities indicate areas for improving supply chain resilience and provide some 
recommendations to avoid limiting socioeconomic benefits and supply chain development 
relevant to the wood pellet supply chain. Key recommendations include the need to address 
capacity gaps in critical human resources such as wood fibre procurement officer, electrical 
engineers and trained apprentices as well as physical infrastructure like specialised silos, more 
UK depots for distribution and larger storage systems for end users. In addition, social 
networking with other supply chain actors needs improvement. Also, funding sources should 
be more diversified to avoid the risks of private equity take over and flexible sourcing from 
woodlands with felling licence rather than only certified ones should be encouraged. Further, 
flexible working arrangements as well as the production of lower quality and premium pellets 
to meet the demand from both price and quality conscious end-users should be considered. 
Finally, sensitive relationship management with other supply chain actors and effective 
awareness campaign to engage woodland owners should be implemented. 
7.7 Summary of Wood Pellet Case Study 
This chapter presents the results of the first case study; the wood pellet supply chain. It 
includes the results of the supply chain structures and internal governance (ISG) stage, the 
five capital analysis stage (FCA), and the supply chain resilience (SCR) stage, which are the 
core stages of the RELISC framework.  The following outlines the key results in each stage. 
However to start with, the framework identifies the key motivations for the establishment of 
the supply chain. These include a desire to play a part in the UK low carbon future and to take 
advantage of a lack of large-scale pellet manufacturing at the time. Initial resources include 
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experienced human resources in accessing significant funding, expertise and experience in 
premium pellet manufacturing.  
Next, the value chain mapping process helped to determine the supply chain structure by 
describing its spatial distribution, the type of organisations and actors as well as their internal 
governance patterns in relation to the lead firm.  Firstly the lead firm is a large-scale pellet 
manufacturing plant and trading company with distribution and trading centres (hubs) 
around the UK and it is linked to parent company (bioenergy consulting company. Over all 71 
people are employed in the supply chain. Supply chain actors include a range of timber 
suppliers including sawmills, tree surgeons, woodland owners are involved based on balanced 
governance. Also spot market traders and FC commission are contacted based on arm’s 
length/ market based governance. Further, there are 2 sawmills and 2 main timber hauliers 
that are on balanced governance contracts and 10 pellet distributors including a major 
distributor on the same balanced governance. Customers are mostly commercial properties 
and some domestic houses, which deal with the supply chain on a buyer-driven governance 
pattern.     
Further, the implications of institutional and supply chain governance and the results of five 
capital analysis are summarised as follows: Balanced governance contract with timber 
suppliers ensures timber availability, cost effective timber sourcing and facilitated compliance 
to the RHI sustainability criteria and GHG emissions standards.  Limiting factors include lack 
of a good wood fibre procurement manager and insisting on FSC and PEFC certified timber 
suppliers cuts out timber suppliers with only felling licenses. Balanced governance with a 
major pellet distributor also provided essential training opportunities and the ability to 
produce and maintain premium product quality. However time constraints and an expensive 
the quality control process and lack of specialised silos limited both processes. The hierarchal 
governance from the parent company facilitated applications for receiving private equity and 
it recommended the lead firm to customers, facilitated by experienced employees in the 
parent company.  Further Internal hierarchal governance from management enabled all 
production processes to be done within the pellet plant premises, enabled by facilities in 
house but constrained by a lack of experienced technical and managerial employees. The 
buyer driven governance drives rigorous quality control for premium wood pellet and it 
facilitates cost effective customer orientated services including the provision of ESCO services 
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to commercial customers. However lack of adequate storage facilities at some end user 
premises and a need for more UK wide distribution centre were limitations. 
Externally, executive/judicial, legislative/executive and executive governance from OFGEM, 
the Forestry Commission and the FSC, PEFC certification scheme respectively, help to ensure 
sustainable resources and limit GHG emissions.  However, financial constraints, inadequate 
enforcement of the forestry standards as well as a lack of knowledge and interests from small 
woodland owners acted as barriers. Also limited availability of local and regional end user 
demand required up to 200km pellet distribution. Further, legislative and executive 
governance from the local authority required compliance to planning laws but lacked 
experienced employers for renewable energy planning. Also, external executive governance 
from the UK pellet council facilitated growth of the sector by exchanging expertise and 
disseminating information, However, it lacked social capital from key supply chain actors and 
high cost in man-hours as well as lack of consensus limited participation.. 
Finally, the assessment of supply chain resilience revealed the capabilities and vulnerabilities 
of the supply chain that enhance or limit socioeconomic benefits and supply chain 
development.  Key capabilities include visibility of supply chain needs by parents firm 
providing initial funding for its establishment leading to 71 jobs.  Also, income is generated 
from collaboration with ESCOs as well as improved profit margins, due to flexibility in sourcing 
cheaper timber, adaptable top up service and collaboration with major distributor which 
helps to produce premium pellets which serves as a competitive advantage.  
Key recommendations based on the supply chain vulnerabilities include address capacity gaps 
in critical human resources such as wood fibre procurement officer as well as physical 
infrastructure like specialised silos. Improve social capital and   networking with other supply 
chain and sector actors and diversify funding sources to avoid the risks of private equity take 
over. Flexibility in timber sourcing, working arrangements and production will help 
woodlands with felling licence, facilitate uptake of training opportunities as well as the 
production of both lower quality and premium pellets to meet the demand from price and 
quality conscious end-users. The next chapter presents the second case study, the wood chip 
supply chain. 
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Chapter 8: The Wood Chip Supply Chain Case Study 
8.1.   Introduction and Outline 
This chapter sets out the results of the second case study, which is the wood chip supply 
chain. This case study level is the core of the RELISC framework. It comprises of the supply 
chain structures and internal governance (ISG) stage, the Five capital Analysis stage (FCA) and 
the Supply Chain Resilience (SCR) stage.  
The case study supply chain is introduced by a description of its establishment including the 
motivations and drivers at the set up stage as well as the socioeconomic and natural resource 
considerations. Secondly, the supply chain production and delivery process is described in 
order to identify the firms and organisations in the supply chain. The information is used to 
determine the supply chain structure and governance patterns and then provides more 
details on key organisations in the supply chain. Thirdly, the implications of external 
(institutional) and internal (supply chain) governance in the three action spaces and their 
processes as shown in Fig 5 are presented as well as the result of the five capital analysis 
which highlights the areas of capital resource limitations and availability that may act as 
constraints or facilitators of the governance of key processes in each action space. Finally the 
supply chain is evaluated using the supply chain resilience framework to determine the extent 
of the supply chain’s resilience and its impact on socioeconomic benefits, supply chain 
development and sector growth.  
8.2 Introduction to the Wood chip case study 
Details of the history and current state of the wood chip industry in the UK can be seen in 
section 3.4.3.  The wood chip company is a wood fuel production/supply and bioenergy 
consulting company. It began operations in 2007, when the current Managing Director, a civil 
engineer and the owner of the engineering firm where he worked at the time, decided to 
explore opportunities from renewable energy technologies.  
8.2.1 Motivating factors for wood chip 
At first, four renewable technologies were examined but within 6 months, wood fuel was 
chosen because it was thought at the time that the technology process was mature and well 
developed in Scandinavia, therefore it can be replicated here. Also they thought they 
understood the risks involved, which turned out not be completely true. According to the MD, 
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“we came up against many unpleasant surprises and the learning curve was very steep!” 
(Interview 5). For instance the cost of establishment was under estimated and the founding 
partners (MD and owner of engineering firm) had to lend the company some money that was 
reimbursed within a year of operations.  
8.2.2 Socioeconomic and Natural Resource considerations 
At first, the company was located in an estate of 2000 acres of woodland, which used to send 
wood thinning to the North of the country without profit for paper manufacture. This was 
one of the early drivers to establish the chain given that they had a ready resource right on 
their doorstep.  Secondly, the ability to derive value from essentially a waste product was 
another driver. The part of the tree commonly used for wood fuel by the company is the small 
round- wood, which is about 8 to 10cm in diameter. This round wood previously had little 
value and is obtained during thinning which is an important forestry operation to help growth 
and biodiversity. However when used as wood fuel, the value derived from small round wood 
is able to cover the cost of felling the tree so that the profit margins derived from the more 
valuable parts of the tree can be maintained or improved  (Interview 5,6).  Therefore the 
round wood used for wood fuel by the company provided an additional local and long -term 
source of income to the estate given the general decline in the UK paper industry. Currently 
the company has about 7 hubs consisting of timber and wood storage area, wood chipping 
facilities as well as chip and timber loading and haulage areas, mostly in the south of England. 
In most of its hubs it uses buildings that have been under –utilised in the agricultural sector, 
providing additional income to the owners. For instance it pays £19,000 in rent for a farm 
building and premises in one of its major hubs (Interview 5, 6). 
8.3 Value chain Mapping and Governance pattern 
The supply chain consists of the lead firm (wood chip company) and other firms or individuals 
involved with the sourcing, chipping and supply of wood fuel chips to the customers of the 
lead firm. The lead firm has 10 permanent full time staff, consisting of two co-owners, 
administrative and accounting personnel as well as operations, business 
development/marketing, timber and project managers. Part-time members of staff include a 
delivery driver and a wood chip handler. A typical supply chain process is outlined below:  
 182 
• The timber procurement manager locates woodland resources from within a 20mile 
radius of demand (10 woodlands in a particular hub). A harvesting contractor is then 
engaged to fell the trees, which are FSC certified or with forestry Commission felling 
licenses. 
• The lead firm pays the woodland manager/ land agent/ woodland owner £17-20 per 
m3 for the timber. In the open market the price is about £16 per m3, so a premium is 
paid for the timber to be dried and kept in storage for the company.  
• Afterwards, a forwarder takes the freshly felled or seasoned timber to the roadside 
and then the timber hauler (10 haulers), who are paid between £8-£16 per m3 
depending on accessibility, waiting times and distance takes the timber to the closest 
hub after it has been seasoned for up to a year.  
• At the hub, a chipping contractor processes the seasoned wood into chips. The 
chipping contractors (4 contractors) are paid about £2,000 for 5,000 tonnes of wood 
chip per day and they typically chip once a month in high demand season (winter). A 
handler in the hub keep the wood chips in place and in good condition, this is 
necessary because the farm barn where the chip is usually stored is not a custom-built 
storage area as used in other countries.  
• The wood chips are transported to the end-user using a bulk haulage company (10 
companies). They are paid about £250 per load of about 8 tonnes. 
• The supply chain delivers to about 30 customers who pay £100 per tonnes of wood 
chip. They comprise of schools, leisure centres and care homes on 3 year rolling contracts. 
They also include an airport terminal on a 15year supply contract. For the airport terminal, 
small round wood timber is sourced from a 100-mile radius due to the large amount it 
requires (30,000 tonnes per year). This accounts for about 80% of the lead firm’s annual 
output, which is about 40,000 tonnes a year. The supply chain consists of about 80 individuals. 
Figure 6 shows the internal governance pattern and supply chain structure of the wood chip 
supply chain.  
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Figure 6- Internal Governance Pattern and Supply Chain Structure of the Wood Chip 
Supply Chain. 
At first, the lead firm was in an arms-length relationship with its timber suppliers as it could 
source from a number of woodland estates, contractors and land agents on   a “pay as you 
go” basis. However, with the increasing need to guarantee timber availability, it formed 
partnerships with its timber suppliers in a balanced relationship.  On the other hand, the lead 
firm exerts a producer driven governance over the wood chipping sub-contractors as it 
specifies the requirements for the chipped wood in accordance with customer preferences 
and wood fuel quality accreditation needs. One wood-chipping contractor mentioned that 
the lead firm is his main client, thus he is largely dependent on the lead firm for his wood 
chipping business, which is more than 60% of his total turnover. Further, arms-length 
associations characterise the relationship between the timber haulers and the lead firm 
because of the large number of haulers, lack of contracts and pay as you go basis for 
transactions. All the timber haulage firms contacted report less than 10% of their turnover 
from their wood fuel business. Finally, since demand is a main driver for establishing supply 
chains with hubs close to the end-user, and wood chip specifications are set according to 
customer needs, the governance pattern   between the lead firm and the customers is buyer-
driven  
8.4 Key Organisations in the Chain 
This section further describes the role and experiences of key organisations that were 
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identified as part of the chain by the lead firm. They include a major chipping contractor, an 
energy crop producer and a customer with own woodland.  Several attempts to contact the 
airport terminal were not successful.  
8.4.1 Wood chipping contractor  
The company was originally a one-man tree surgeon enterprise established in 1987. However 
in 2005, the owner started focusing on biomass as a way of disposing of the large volumes of 
low-grade timber that was produced from his arboriculture operations. According to the 
owner of the company,  
“I became interested with the opportunity that biomass offered as a form of 
diversification for my business and the whole concept of valuable waste was 
interesting to me” (Interview 7). 
In order to diversify the business and go into wood fuel, the company derived funding from 
the Forestry Commission to get an efficient chipper as his existing chipper was not producing 
enough and was being used for his other business. After a feasibility study, the forestry 
Commission part- funded a Jenz chipper and a power hand grab. The machine is said to be 
quite efficient and can produce 40 tonnes of wood chip per hour. According to the owner of 
the business, “I would have given up the whole thing without the support from the Forestry 
Commission” (Interview 5). However, he mentioned that the grant application process was 
complex “It was a very challenging process for a simple bloke like me”  (Interview 5). Also the 
funding came with some restrictions so that they were unable to use grant-aided equipment 
for his other activities outside the wood fuel industry.  
Currently, the business has expanded further and have invested in a variety of forestry 
machineries such as 2 Jenz 561 chippers and articulated timber lorry14t excavator, 26t lorry 
and crane, 32t hook lorry, tele-handler, low loader, harvester and a low ground pressure 
digger.  These machineries are used by the company and also hired out for other forestry 
services. The company produces about 60,000m3 of wood chip annually and employs about 
5 full time employees comprising of 3 equipment operators, 1 feedstock and procurement 
officer and 1 administrative staff. Also 2 contract jobs in operations are often engaged. All the 
employees in operations are qualified HGV and machine drivers as well as crane operators. 
Further wood fuel specific training is done on the job and through hands on experience.  
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In order to develop a viable wood fuel sector, the chipping contractor mentioned that that 
the ability to produce good quality chip are essential. Also frequently breaking down boilers 
and a general lack of knowledge of the importance of good access and storage at the end-
user site are serious limiting factors to the industry. Further, continued support from the RHI 
and capital grant funding need to be encouraged as well as the use of felling licenses to 
promote resource sustainability. 
8.4.2 Energy Crop Supplier  
The energy crop supplier is a farmer that grows willow short rotation coppice planted in three 
40acre lots making a total of 120 acres (49 hectares) of grade 3 lands. It is situated in a 273 
hectare mixed farm, which grows wheat, some barley and keeps some livestock including 
chickens and pigs.  The farm also has an educational centre and a small business centre with 
office buildings that are rented out.  The initial decision to grow energy crop was to make use 
of the resources to fuel the farm’s boiler, which has a maximum KW/h output of 149 KW. In 
addition to the farm’s use, the energy crop was also used to supply a power station. Supply 
to the power station provided an additional income at £60 per odt, compared to the normal 
market price at the time; £55 per odt. The premium price was obtained because the farm was 
affiliated to a regional wood fuel aggregator, who had a good relationship and custom with 
the power station. This additional income and a successful application to the energy crop 
scheme facilitated a further expansion of the energy crop planation. The energy crop scheme 
subsidised half of the plant establishment costs, which was about £2000 per hectare. In 
comparison to wheat, it was discovered that the energy crop had a lower cost input especially 
in fertilizers and diesel costs and the farm was able to get rid of a lot of machinery, which had 
considerable maintenance costs and were frequently under-utilised. The energy crop sale at 
the highest point of demand from the power station brought in 20% of the farm’s turnover. 
However with time, the management of the power station decided to reduce it generation 
capacity by about 60% and it also to shut down two of its biomass units. At this point the 
energy crop farm contacted the lead firm as an alternative to sell any energy crop harvest 
after supplying their own district heating system. The current price paid by the lead firm was 
not disclosed but was said to be significantly lower that the price obtained from the power 
station.   
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The planting and harvesting of the crops is outsourced to a contractor who uses his specialised 
planter and harvester. According the farm owner, there are no specialised harvesting 
equipment for short rotation coppice willow in the whole of the south of England, therefore 
the harvester has to travel from a long distance, significantly adding to cost. Attempts to 
source for funding for harvesters by a group of energy crop farmers in the south were not 
successful because the funding scheme i.e. Bioenergy Infrastructure Scheme (BEIS) was 
discontinued as a result of budgets cuts (Interview 12, 42). This problem was highlighted in 
chapter 6 concerning the excess funding of the energy crop scheme, which could have been 
used to fund this necessary capital-intensive equipment for energy crop. 
 Further, the farm owner is reluctant to expand his energy crop plantation even though there 
is some more land available, this is because of the current gap in establishment costs incentive 
and the lack of market from power stations that were able to pay a premium price.  Currently 
existing power stations prefer pellets rather than energy crops. One of the reasons is a change 
in the removal of energy crop incentive in the Renewable Energy Obligation scheme 
(Interview 12; DECC, 2012). 
8.4.3 End user with woodland  
This end user is a nursing home, which is situated in a 50acre woodland estate comprising of 
mixed native woodland in an Area of outstanding Natural Beauty (AONB). It was relatively 
under managed for 40 years but in the recent years, it has been better managed because of 
a five-year grant scheme from the forestry commission. The home has a 150KWh boiler, which 
was installed in May 2008. The boiler was funded by Clear Skies; a European infrastructural 
grant that provided 60% of the cost of the boiler which led to about 20-25% reduction in 
monthly heat bill. The previous system was a gas boiler, which is still used as a back –up.  
Interest in wood fuel was generated by a personal research on the benefits of wood fuel by 
the woodland owner and proprietor of the nursing home. Other drivers include ownership of 
the wood land, a desire to improve the economic return from the woodland derived from 
waste wood fuel resources, improve the biodiversity and amenity of the woodland and to 
enhance the environmental profile of the nursing home. The biomass boiler is served from 
small round wood from the forest chipped by the lead firm and also from waste thinning from 
the local Borough Council. A forestry manager who is the son of the woodland owner is 
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involved in the management of the woodland.  The son was trained in a general forestry 
course in a college in 2013. At that time, the son stated that: “there was no mention of wood 
fuel in the course and this has not changed much since then” (Interview 10).  
A maintenance man is also involved in the operations and maintenance of the wood fuel 
boiler, which was initially beset with technical problems associated with linking the boiler to 
the back-up gas boiler as well as other problems. According to the owner: 
 “Having a knowledgeable maintenance man was a key to the success of the 
boiler, if not the biomass boiler would have been abandoned because of its 
recurrent technical issues” (Interview 15)  
The home is also a member of a wood fuel group and in previous years, the premises was 
used as an venue for their annual wood fuel conference, which also included a day set aside 
to educate and train children and young adults on the benefits of woodland and wood fuel 
energy.  
8.5 Implications of External and Internal Governance and Five Capital 
Assessment  
The implications of supply chain (internal) and institutional (external) governance patterns as 
well as the impact of availability and lack of capital resources (natural, social, human, physical 
and financial) on the governance of different processes in each action space are described in 
this section. The actions spaces are similar to those identified and described in chapter 6. 
They include the Sustainable Management of Resource and Environment. People, Quality and 
Networks and thirdly, Cost effectiveness/Financial and infrastructure. However the processes 
are different to reflect the different activities at the supply chain level.  
8. 5.1 Sustainable Management of Resource and Environment  
This action space involved the following processes: sourcing and management of sustainable 
resource, ensuring genuine emissions savings and managing air quality. The section now 
outlines the results of the implications of internal (supply chain) and external (institutional) 
governance patterns including the results of the five capital analysis which indicates resource 
limitations or availability related to the governance of the processes identified within this 
action space. A summary of the results is provided in Table 22 below.  
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Firstly in the sourcing of sustainable resource process, internal balanced governance and 
producer–driven governance between the lead firm and its timber suppliers and small 
woodland owners respectively, guarantees timber availability for 18 months to 2 years at a 
premium price, providing long term income for local timber suppliers. The lead firm only 
sources FSC certified timber or timber with the forestry Commissions felling licence. To 
facilitate this, the lead firm provides expertise and knowledge in each aspect of the supply 
chain and provides advice and assistance to woodland owners from planting to woodland 
planning to cutting, extraction and haulage and they provide all or some of these services as 
required (Interview 6) However, the five capital analysis indicate that limited availability of 
energy crop harvesting equipment is a constraint (Interview 12,42) and harvesters require 
adaptable machinery for hard to reach terrains (Interview 5,16). 
Externally, institutional governance for this process involves legislative and executive 
governance from the Forestry Commission and OFGEM under the RHI and executive 
governance from conservative bodies. In addition to felling license administration, the 
Forestry Commission is active in this supply chain in bringing a number of private woodlands 
to management based on its the Woodland in management (WIM) programme, which 
provides financial capital (grants) and human resources i.e. wood land advisers to aid and 
advise woodland owners on woodland management plan and best practice to comply with 
the UK forestry standard. Similarly, conservation bodies like the Woodland Trust promotes 
active woodland management and wood fuel as part of the management plan by providing 
grants and advice. However, the Five Capital Assessment (FCA) indicates that there is limited 
number of people (human capital) in the Forestry Commission to monitor compliance 
(Interview 21,24). Also, lack of knowledge, awareness, interests, skill and different objectives 
and plans for the land limits participation from some private woodland owners. As one 
woodland owner states “I use my woodland for family recreation, I suppose I manage it to my 
standards” (Interview 40).  
The process of ensuring genuine emissions savings and air quality management involves 
internal producer-driven and balanced governance from the lead firm to chipping contractors 
and timber suppliers respectively. Externally it involves the legislative/judicial governance of 
OFGEM under the RHI, which stipulates a lifecycle greenhouse gas (GHG) emissions target of 
34.8g CO2 target or 60% GHG savings against the EU fossil fuel average equivalent per MJ of 
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heat. To demonstrate compliance the lead firm ensures that only actors in the RHI Biomass 
Supply list are employed which meet or exceed the target. Also, available woodland resources 
are sourced from within a 20mile radius to various hubs except for the airport, where 
resources are sourced from a 100mile radius, which has a negative impact on GHG emissions.  
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Table 22- The Sustainable Management of Resource and Environment: Implications of Governance Patterns and Five Capital Analysis  
Process Governance patterns and Actors Description and implications of 
Governance patterns  
 Five Capital Analysis 
(Related capital) 
Sourcing for 
sustainable resource 
 
Internal Governance  
Balanced governance  
Lead firm to woodland owners, energy 
crop farmer, harvesters and land agents 
(Timber suppliers) 
 
Producer driven governance  
Lead firm to small private woodland 
owners 
 
 
External Governance  
Legislative and Executive 
Forestry Commission (FC) to Woodland 
owners and timber suppliers  
 
 
Executive 
Forestry Commission (FC) to private 
woodland owners 
 
 
 
 
 
 
Contractual partnership with timber 
suppliers guarantees seasoned timber 
supply for 18 months to 2 years at a 
premium price. 
 
 
The lead firm only sources FSC 
certified timber or timber with the FC 
felling licence.  
 
 
 
The FC monitors and issues felling 
license and enforces compliance to 
the forestry standard   
 
 
FC supports the WIM programme by 
providing grants and woodland 
advisors to assist and advice   
 
 
 
 
 
Long-term end user contracts 
of about 5, 10 to 15 years 
supports the timber suppliers 
(Financial capital). 
 
Limited availability of energy 
crop harvesting equipment 
and adaptable machinery for 
hard to reach terrains for 
harvesters (Physical capital). 
 
Limited number of people to 
monitor compliance as 
reported by woodland 
officers (Human capital)  
 
 
Lack of knowledge, 
awareness, interests, skill 
and different objectives and 
plans limits small private 
woodland owners (Human 
and Social capital).  
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Executive 
Woodland conservation bodies to lead 
firm and woodland owners  
 
 
 
Legislative /Executive  
OFGEM to supply chain 
Promotes active woodland 
management and wood fuel as by 
providing grants and advise on 
woodland management. 
 
 
Under the RHI, OFGEM requires 
compliance to the land criteria 
Lack of awareness, interests 
and difficulty in identifying 
and gaining access to the 
woodland owners (Human 
and Social capital). 
Source from locally available 
woodland that are FSC/PEFC 
certified and/or with FC 
felling licence and an energy 
crop supplier under the   
Energy crop scheme (Natural 
capital).  
Ensuring genuine 
emissions savings 
and air quality   
management 
Internal Governance  
Producer -driven 
Lead firm to chipping contractors 
 
Balanced  
Lead firm to timber suppliers  
 
 
 
 
External Governance  
Legislative/judicial  
OfGEM to supply chain actors  
The lead firm only uses actor that are 
in the BSL list this ensures that the 
lifecycle greenhouse gas (GHG) 
emissions target have been met.  
 
 
 
 
 
 
OFGEM for the RHI requires that GHG 
emissions do not exceed 34.8g per co2 
for per MJ of heat as part of the RHI 
scheme.  It administers the biomass. 
The wood chip and timber is 
transported only within a 
20mile radius to various 
hubs, except for the airport, 
where resources are sourced 
from a 100mile radius 
(Natural capital).  
 
Lead firm only sources from 
the BSL list (Natural capital).  
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8.5.2 People, Quality and Networks 
For this supply chain, this action space involved the following processes; training and 
maintaining skilled employees, ensuring wood chip quality and creating awareness and 
supporting the growth of the sector. This section outlines the results of the implications of 
internal (supply chain) and external (institutional) governance patterns in addition to the 
results of the five capital analysis which indicates resource limitations or availability related 
to the governance of the three key processes identified within this action space. Highlights of 
the results are provided in Table 23 below.  
 The process of training and maintaining skilled employees involved an internal hierarchical 
governance from the lead firm to employees in which the lead from management decides to 
outsource and invest less on physical capital, such as trucks and vehicles in order to increase 
financial investment on human capital. Accordingly, The FCA analysis showed that the lead 
firm requires more suitably qualified biomass heat engineers for installation and systems 
design in addition to qualified and experienced plumbers and site supervisors   According to 
the MD,  
“There are only about 30 good and experienced heat engineers in the UK that 
I can currently depend on, that is not enough” lead firm owner (Interview 5).  
Also there is a lack of suitable apprentice opportunities in UK means that it is expensive to 
send technical employees to Europe (Interview 5,11). 
For the process of ensuring wood chip quality and certification, External executive /judicial 
Governance is employed by the certification organisations to provide training for skills 
improvement as well as monitor service and product quality. They also provide assurances to 
end-users of supplier capabilities, leading to continued custom and increased customer base. 
The Lead firm, chipping and harvesting contractors are wood fuel quality accredited. Only the 
lead firm has achieved a chartered status (Interview 6). These accreditations have been 
facilitated by recently established uniform standards; for wood fuel quality accreditation 
(wood sure), for installations the (HETAS) and Microgeneration certification, which have 
helped in setting standards in the sector. Also a wide range of training providers at different 
locations improves access to training. However, the financial cost of accreditation, time and 
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the complex process for achieving a chartered status means that small-scale contractors and 
woodland owners are not able to derive benefits from such qualifications (Interview 39,15). 
The process of creating awareness and supporting the growth of the sector involves external 
executive governance from National Trade Associations (Wood Heat Association), a local 
wood fuel group and the local authority. The first two organisations provide social and 
business networking and collaboration opportunities, which supports and facilitates the 
development of the supply chain and sector growth. However FCA analysis indicates that lack 
of time, interest, and conflicting goal limit effectiveness of the associations. For the local 
wood fuel group in particular, limited funds for administrator affected its effectiveness and 
eventual dissolution (Interview 14,15,27). The local authority on the other hand provided 
supportive legislation such as a default to biomass heating for new development, however a 
lack of awareness and a dedicated campaign personnel (Interview 27), limited it effectiveness. 
Also the removal of regional renewable strategies as resulted in the cancellation of this 
legislation (Interview 27).  
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Table 23- People, Quality and Networks: Implications of Governance Patterns and Five Capital Analysis 
Process Governance patterns and Actors Description and implications of 
Governance patterns  
 Five Capital Analysis 
(Related capital)  
Training and 
maintaining skilled 
employees 
 
Internal Governance  
Hierarchy 
Lead firm management to Employees   
 
 
 
Outsource or rent physical capital in 
order to increase financial investment 
on human capital 
 
 
 
 
 
Requires more suitably 
qualified biomass heat 
engineers, qualified and 
experienced plumbers and 
site supervisors (Human 
capital). 
 
Lack of suitable apprentice 
opportunities in UK (Human 
capital). 
Ensuring wood chip 
quality  
 
External Governance  
Executive and Judicial 
Certification Organisations to Supply 
chain actors  
Provides training to improve skills as 
well as monitor service and product 
quality. 
 
 
Recently established uniform 
standards provide assurances to end-
users of supplier capabilities, leading 
to continued custom and increased 
customer base. 
 
 
 
All supply chain actors are 
accredited. But only the lead 
firm has achieved chartered 
status (Human capital). 
 
A wide range of training 
providers at different 
locations improves access to 
training (Human and physical 
capital). 
 
High financial cost of 
accreditation, time and 
complex process for 
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achieving a chartered status 
(Financial capital). 
Creating awareness 
and supporting the 
growth of the sector  
 
External Governance 
Executive 
National Trade Associations (Wood Heat 
Association) to the supply chain 
 
External Governance 
Executive 
Local wood fuel group to the supply 
chain 
 
 
 
External Governance 
Legislative and executive 
Local authority to the supply chain and 
wood fuel sector 
 
 
 
Supports and facilitates growth of the 
sector. 
 
 
 
Collaboration and networking 
opportunities 
 
 
 
 
Provided supportive legislation and 
such as a default to biomass heating 
for new development 
Lack of time, interest and 
conflicting goals limit 
effectiveness of the 
associations (Social capital). 
 
 
Limited funds for 
administrator affected the 
effectiveness and lead to 
dissolution (Financial 
capital). 
 
 
Lack of facilitation and 
awareness campaign and lack 
of continuity of programme 
(Human and Social capital). 
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8.5.3 Cost effectiveness/ financial support and infrastructure  
For this supply chain, this action space involved the following processes; Infrastructural 
Development: Planning approvals for wood fuel production hubs, Accessing Financial 
support, Cost effectiveness in timber sourcing, Cost effectiveness in production and 
operations and Cost effectiveness in customer service. This section outlines the results of the 
implications of internal (supply chain) and external (institutional) governance patterns in 
addition to the results of the five capital analysis which indicates resource limitations or 
availability related to the governance of the three key processes identified within this action 
space. A summary of the results is provided in Table 24 below.  
In the process of obtaining planning approvals for wood fuel production hubs, the local 
authorities provide approval to the supply chain based on external executive governance, 
which also involves supporting the lead firm in the planning process. However, lack of 
knowledge and awareness about the concept of wood-fuel hubs and planning restrictions to 
“change of use “ for old farm buildings causes delays and unfair refusals (Interview 5,6). 
For accessing financial support, the directors of the lead firm provided personal loans to 
establish the business based on internal hierarchical governance. Also a number of funding 
bodies employed an executive governance pattern to support different actors in the chain by 
providing physical capital such as wheeled forwarder for harvesters, timber and wood chip 
storage facility for the lead firm and two Jenz chippers for the chipping contractor. In 
particular, the energy crop supplier obtained funding from the energy crop scheme, which 
facilitated the planting and establishment of his energy crop (Interview 12,9,7). For all the 
funding sources including the energy crop scheme, there were a number of limitations; firstly, 
the application processes were found to be complex and time consuming. Also some actors 
lacked the knowledge or ability to successfully apply for grants. Accordingly a chipping 
contractor states  “The application processes are too complex for a simple guy like me” 
(Interview 7). Further, restrictions on use meant that funded equipment couldn’t be used for 
non-wood fuel aspect of business (Interview 7,8,9). 
In addition, the energy crop scheme also lacked continuity for new establishments and budget 
cuts prevented support for a specialised energy crop harvesting equipment for the South of 
England, which is an essential equipment (Interview 12). In the same process, OFGEM under 
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the RHI facilitates uptake in wood fuel heating by paying end users for approved heating 
installations based on legislative /executive governance.  However, some end-users find the 
applications complex and may require consultants thus adding to cost (Interview 15) For 
instance the lead firm has a RHI specialist consultant that have helped some end-users to go 
through the complex process of claiming the legacy RHI payments. Some payments are up to 
£20,000 a year (Interview 5,15,39,40).  
To achieve cost effectiveness in timber sourcing, the lead firm partners with its timber 
suppliers based on a balanced governance to ensure a guaranteed timber supply rather than 
spot purchases which are more expensive and have no availability guarantees. The 
partnership had a number of benefits for the timber supplier; an extra premium price is given 
for seasoned timber, timber is sold per stack measurement rather than weight which is more 
beneficial and material with long length are acceptable as opposed to short length logs which 
is more expensive to harvest and process .The lead firm also provided an alternative source 
of market for the energy crop supplier even a lower price was negotiated (Interview 
6,12,14,16). 
For cost effectiveness in production and operations, an internal producer-driven   governance 
from the lead firm to its chipping contractors means that the lead firm provides 60% of one 
of the chipping contractor’s turnover and provides facilities with adequate storage for 
chipping operations at the various wood fuel hubs. This saves some cost as transporting the 
chipped wood is expensive because of its low density and storage means that chipping can be 
done at fewer times in the year (Interview 7,8,9). 
For cost effectiveness in customer service, an internal buyer driven governance from the 
Customer to Lead firm gave rise to the development of long–term customer supplier 
contracts for 5, 10, 15 years. This long-term customer contracts ensure fuel availability and 
facilitate supply and delivery planning. Also customers have guaranteed prices and avoid 
emergency purchases and higher prices in the winter. The lead firm has a remote sensing 
facility that can be used to determine when a customer is running low on fuel. 
The buyer-driven governance also facilitates ESCO services for commercial customers, where 
customers may benefit by not paying any capital expenses for the equipment and installation 
but pay only for the wood fuel used.  The lead firm provides and maintains the equipment 
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and receives RHI payments. However, Only two ESCO agreements have been successfully 
executed for over 10 years. There is a general lack of awareness understanding and 
uncertainty about ESCOs in the UK as end-users are wary about such arrangements. Table 20 
provides a summary of the above. 
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Table 24 - Cost Effectiveness/Financial Support and Infrastructure: Implications of Governance Patterns and Five Capital Analysis 
Process Governance patterns and 
Actors 
Description and implications of 
Governance patterns  
 Five Capital Analysis (Related 
capital) 
Infrastructural Development: 
Planning approvals for wood fuel 
production hubs 
External Governance 
Legislative/executive  
Local authority to lead firm 
Provides planning approval and 
support for wood fuel hub 
infrastructure. 
Lack of knowledge and 
awareness in local planning 
authorities because wood fuel 
hubs are an unfamiliar concept 
to local authorities (Human 
capital). 
 
Planning restrictions to “change 
of use” for old farm buildings 
cause delays (Physical capital.) 
Accessing Financial support 
 
 
Internal Governance  
Hierarchal  
Directors to lead firm 
 
External Governance  
Executive 
Funding bodies to Supply 
chain actors 
 
 
 
 
 
 
 Provided personal loans to the 
lead firm to establish the business 
 
 
Supports supply chain actors with 
financial resources to obtain a 
range of physical capital 
equipment  
 
 
 
 
 
 
Loan has been paid back within 
24 months of operations 
(Financial capital). 
 
Complex application process, 
lack of knowledge and ability. 
Restrictions on use; funded 
equipment cannot be used for 
non-wood fuel aspect of 
business (Human and Physical 
capital).  
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Legislative and Executive  
OFGEM (Office of Gas and 
Electric markets) to supply 
chain actors and end-users  
 
 
Funding from the energy crop 
scheme for the energy crop 
supplier, facilitated the planting 
and establishment of energy 
crops 
 
The RHI funds facilitates uptake in 
wood fuel heating by paying end 
users for approved heating 
installations.   
Complex and time consuming 
application process and the 
scheme lacked continuity for 
new establishments (Financial 
capital).  
 
Budget cuts prevented support 
for a specialised energy crop 
harvesting equipment (Financial 
capital). 
 
 
Complex application process, 
sometimes requires consultants 
to help end-users thus adding to 
cost (Financial capital). 
 
The lead firm has a specialised 
RHI consultant for claiming the 
legacy RHI payments (Human 
capital). 
Cost effectiveness in timber 
sourcing 
Internal Governance  
Balanced  
Lead firm and timber suppliers  
 
 
 
 
Partnership with timber supplier 
ensures a guaranteed timber 
supply 
 
 
 
 
 An extra premium price and 
flexible timber requirement 
outlined above provides 
incentives to the timber supplier 
(Financial and Natural capital).  
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Balanced  
Lead firm to energy crop 
supplier 
 
Provides custom to the energy 
crop supplier after the power 
station shut. 
  
The lead firm provided an 
alternative source of market for 
the energy crop supplier 
(Financial capital). 
Cost effectiveness in production 
and operations  
 
Internal Governance  
Producer –driven   
Lead firm to chipping 
contractors  
 
Lead firm provides 60% of one of 
its chipping contractor’s turnover 
and provides the facilities for its 
operations. 
 
 Chipping facilities with 
adequate storage at wood fuel 
hub rather than roadside saves 
cost (Physical and Financial 
capital). 
Cost effectiveness in customer 
service 
 
Internal Governance 
Buyer driven   
Customer to Lead firm  
 
 
 
Buyer driven   
Customer to Lead firm/ 
 
Long –term customer supplier 
contracts for 5, 10, 15 years 
according to the needs of the 
customer.   
 
 
Provides ESCO services to 
commercial customers. 
 
Long-term customer contracts 
ensure fuel availability and 
facilitate supply and delivery 
planning (Physical and Financial 
capital).  
 
Customers have guaranteed 
prices (Financial capital) 
The lead firm has a remote low 
fuel   sensing facility (Physical 
capital). 
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8.6 Supply Chain Resilience Assessment  
Drawing from the information in the last section, this section assesses the resilience of the 
supply chain.  As discussed in chapter 7, The ability to deal with risks within the supply chain 
is the focus in this research such as the supply chain risks internal to the firm linked with 
process and control and risks external to the firm but internal to the supply chain network 
dealing with demand and supply issues. A range of supply chain principles in the supply chain 
resilience framework is used to assess supply chain resilience, as shown in Table 25. They 
have been characterised in relation to wood-fuel supply chains. The assessment highlights the 
capabilities and vulnerabilities of the supply chain in relation to the factors in the supply chain 
framework and then outlines their implications on socioeconomic benefits, supply chain 
development and resilience outcomes.  
Visibility and Capacity: a key visibility capability is that all supply chain actors are members 
of the RHI BSL list. For capacities, timber availability for up to 2 years demonstrates natural 
resource capacities, funded machinery/equipment and the establishment of wood fuel hubs 
increases physical capacity. Also a specialised RHI consultant indicates a unique human 
resource capacity. Related vulnerabilities in physical capacity include a lack of adaptable 
machinery for the hard to reach and hilly terrain and a lack of energy crop harvesting 
equipment. For human capacity, limitations are more suitably qualified biomass heat 
engineers, plumbers and site supervisor. Further planning restrictions e.g. “change of use “ 
for old farm building act as constraints as well as complex and time consuming applications 
and lack of continuity of some financial grant schemes. In addition, lack of awareness and 
visibility of some programmes including the WIM programme and the local authority 
legislation to consider biomass as a default for new development are limitations in visibility 
capabilities. 
Flexible and Adaptability: a key capability in adaptability is the plan to adapt the allocation 
of resources so that physical capacity is outsourced and more investment is put into human 
resources based on the needs of the chain. Also, flexible timber requirements that are 
different from the norm benefit timber suppliers. The lead firm also provided flexible 
contractual arrangements with the energy crop supplier to supply its excess harvests after 
the power station shut down. On the other hand, vulnerabilities include a lack of adaptability 
and flexibility in their perceptions and plans demonstrated by some supply chain actors. For 
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example; the woodland owners’ lack of interests in the WIM programme, the local authority 
in its planning restrictions on the “change of use” of farm buildings and restrictions imposed 
by funding bodies on the use of funded equipment for non-wood fuel aspect of the chipping 
contractor’s business. 
Collaboration and Dispersion: Collaborative capability is demonstrated in the lead firm’s 
collaboration with a number of diverse woodlands owners and timber suppliers in providing 
expertise and knowledge on the different aspects of timber planting and harvesting to ensure 
timber availability. Other collaborative activities outside the supply chain include the 
membership with national and local trade groups as well organising wood fuel conferences 
with other supply chains and firms in the sector.  Related vulnerabilities are lack of time, self-
interests and conflicts, which limit the benefits of both the national and local wood fuel 
groups. For the local wood fuel group in particular, limited funds for administrator affected 
the effectiveness and longevity of the group.  
Anticipate and Recovery: Key capabilities for anticipation and recovery are derived from the 
legislative and executive governance of the forestry Commission and the judicial and 
legislative governance of OFGEM under the RHI land criteria requirement both of which 
ensure legal and sustainable sourcing, in anticipation of the need for managing finite natural 
resources and ensuring that they are recovered.  In addition, the Energy Crop scheme also 
facilitated the planting and establishment of energy crops, given that they are a critical source 
of wood fuel resource in addition to forestry resource.  Internal governance by the lead firm 
insists on using only sources FSC certified timber or timber felling licence and the firm chooses 
actors that are in the BSL list to ensure sustainability and limited emissions. On the other 
hand, vulnerabilities lie in the need for more human resource to monitor the felling licences 
in practice and the lack of interests and awareness of the forestry standards amongst 
woodland owners. Further complex applications and lack continuity in the energy crop 
scheme has limited its uptake amongst farmers.  
Market position and Security: Key Market position and security capabilities are the long-term 
end user contracts of about 5, 10 to 15 years, wood fuel quality accreditations in all its hubs. 
Also, the remote sensing facility to gauge the customer fuel supplies is beneficial to the 
customer and serves as a competitive advantage as well as its ESCO services. Further, all the 
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actors in the supply chain are in the RHI BSL list, which implies compliance with sustainability 
requirements. In addition, good relationship with national and local wood fuel bodies is also 
maintained. The supply chain is usually a major sponsor of its local wood fuel conference. Key 
Vulnerabilities include a general lack of awareness and uncertainty about ESCOs in the UK, as 
end-users are wary about such arrangements.  
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Table 25 - The Supply Chain Resilience Assessment of the Wood Chip Supply Chain. 
Supply Chain resilience framework  Capabilities  Implication on socioeconomic benefits 
and supply chain development and 
resilience outcomes  
Vulnerabilities  
Visibility and Capacity: 
Visibility involves knowledge of the status of 
operating assets and the environment, 
information exchange and visibility of abilities, 
services and capacity. Capacity involves 
possession of a range of abilities and know-how, 
capital resource availability as well as reserve 
capacity 
Capabilities:  Start-up financial loan from the Managing 
Director helped to establish the supply chain  
 
 
 
 
Partnership with the timber suppliers enhances capacity 
in timber availability to supply customers with long -term 
contracts.  
 
 
The lead firm only sources from suppliers in the RHI BSL 
List, this enhances visibility. In addition, the lead firm has 
a specialised RHI consultant for complex legacy RHI 
payments.  
 
 
Various funding bodies and the energy crop scheme 
provided financial grants to enhance physical capacity 
(machinery and equipment) as well energy crop 
establishment respectively.  
 
 
The local authority provided planning approval for wood 
fuel hubs. This provided chipping and storage facilities for 
The start-up financial loan and grants 
created a company that supports over 
80 individuals in the supply chain and 
were critical to expand supply chain 
activities and ensure continuity. 
 
Timber availability helps to maintain 
long term end user contracts, which in 
turn provides a guaranteed income for 
timber suppliers    
 
Compliance to the BSL list improves 
supply chain development and customer 
confidence, enables them to gain access 
to the RHI payments.  
  
Legacy RHI applications services is 
another source of income for the lead 
firm and also provides significant funds 
for end-users of up to £20,000 per year.  
 
 
Wood fuel hubs provide rent income to 
farmers and cost savings for the chipping 
contractor.  
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the chipping contractor instead of chipping at the 
roadside.  
 Vulnerabilities: Lack of adaptable machinery for the hard 
to reach and hilly terrain. Lack of energy crop harvesting 
equipment for as a result of budget cuts in the bioenergy 
infrastructural scheme.  
 
 
 
Complex, time consuming applications and lack of 
continuity are limiting factors of some financial grant 
schemes and the energy crop scheme  
 
 
 
Planning restrictions to “change of use “ for old farm 
building sometimes causes delay and refusal of wood fuel 
hub planning applications.  
 
The lead firm need more suitably qualified biomass heat 
engineers for installation and systems design in addition 
to qualified and experienced plumbers and site 
supervisors  
 
 
 
Lack of awareness and visibility of some programmes and 
campaigns such as the WIM campaign and local authority   
legislation to consider biomass for new development and 
the lack understanding of both the concept of wood fuel 
Grants needed to provide necessary 
infrastructure because lack of energy 
crop or woodland harvesting equipment 
increases cost and profitability. 
 
Complex applications need to be 
simplified to avoid increased cost and 
the need for a consultant and lack of 
continuity should be addressed to 
because it inhibits supply development 
and expansion  
 
Planning delays and refusals cause loss 
of income for potential farmers and 
inhibits supply chain development  
 
 
Limited experienced heat engineers and 
plumbers lead to installation problems 
and breakdowns and then lack of end 
user confidence with negative impact on 
the supply chain development.  
 
 Urgent need to increase the awareness 
and visibility of key programmes to build 
capacity in resources, infrastructure and 
customers service to enhance supply 
chain development and growth  
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hubs and ESCOs by some planners and end-users 
respectively 
Flexible and Adaptability 
Adaptability refers to ability to modify operations 
in response to challenges or opportunities.  
Flexibility refers to the   ability to quickly change 
in processes, sources and thinking. which 
includes ability to quickly change inputs or the 
mode of receiving inputs and  
Capability The lead firm adapts the allocation of 
resources so that physical capital are outsourced and 
more investment is put into human capital.  
 
 
Balanced partnership with timber suppliers features 
some flexible timber requirements that are beneficial to 
timber suppliers but different from the norm.  
 
 
 
The lead firm also provided flexible contractual 
arrangements with the energy crop supplier to supply its 
excess harvests  
Increased investment in human capital 
improves skills, leading to more value 
added services such as consultancies and 
installations, which increase income of 
both the lead firm and its employees  
 
Flexible and adaptable arrangements   
with the timber suppliers help to ensure 
supplies and reduce cost for instance 
long   length timber are less expensive to 
harvest and process 
 
The lead firm provided an alternative 
source of market for the energy crop 
supplier contributing to the farmer’s 
income 
 Vulnerabilities  
Some supply chain actors display a lack of adaptability 
and flexibility in their perceptions and plans and also in 
their governance. For instance, woodland owners’ lack of 
interests and different plans and restrictions on the 
“change of use” of farm buildings and also use of funded 
equipment for non-wood fuel activities 
 
Effective awareness campaign that 
demonstrates the benefits of the 
programmes may help to overcome 
inflexible attitudes to prevent loss of 
potential income from woodland 
management and timber sales  
Collaboration and   Dispersion  
Collaboration ability to work effectively with 
other entities for mutual benefit  
Dispersion refers  decentralisation of assets and 
markets  
Capabilities:  The Lead firm in partnership with a number 
of woodlands owners and timber suppliers collaborate by 
providing expertise and knowledge in the different 
aspects of timber harvesting and processing.   
 
 Cost effective operations and supply 
chain development are achieved as a 
result of collaboration. 
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Other collaborative activities include the supply chain’s 
relationship with national trade groups such as the wood 
fuel heat association and the local wood fuel group as 
well as conferences with other supply chains and firms in 
the sector   
 
Interests of the supply chain actors are 
being represented at the local, regional 
and national level. Information exchange 
and new business partnerships / 
collaborations can be forged at these 
meetings  
 Vulnerability: Lack of time, self-interests and conflicts 
may limit the benefits of both the national and local 
wood fuel groups. For the local wood fuel group in 
particular, limited funds for administrator affected the 
effectiveness and longevity of the group.  
 Sensitive relationship management 
should be employed to avoid conflicts. 
Also remote meetings using telephones 
or internet could hel with time 
constraints. 
Anticipate and Recovery 
Anticipation refer to the ability to discern 
potential events such as the need to ensure the 
availability of natural resource recovery refers to 
ability to return to normal or better  
Capabilities: key capabilities are derived from supply 
chain compliance to the Forestry Commission felling 
licence and UK forestry standards as well as the RHI land 
criteria which ensure legal and sustainable sourcing, in 
anticipation of the need for managing finite natural 
resources and ensuring recovery.  In addition, the Energy 
Crop scheme also facilitated the planting and 
establishment of energy crops, given that they are also a 
critical source of wood fuel resource.  
Supply chain development and resilience 
are derived from compliance that 
ensures sustainable resources are 
available now and in the future. 
 Vulnerabilities: Monitoring the felling licences in practice 
require more human resources. Lack of interests and 
awareness of the forestry standards amongst woodland 
owners also inhibits its effectiveness. Complex 
application and lack continuity in the energy crop scheme 
has limited its uptake amongst farmers. 
Investment in human resource to ensure 
compliance is necessary and effective 
awareness campaign and applications   
tailored to the needs of woodland 
owners and farmers could overcome lack 
of uptake. 
Market position and   Security 
Market position refers to the status of a company 
or its products in specific markets, Product 
differentiation, Customer loyalty/retention, 
Capabilities:  The lead firm has long-term end user 
contracts of about 5, 10 to 15 years and all the actors in 
the supply chain are in the RHI BSL list,. In addition wood 
fuel quality is assured for the lead firm and all its hubs.  
Compliance provides added security and 
assurances. It also enhances the supply 
chain resilience to possible shut down of 
operations due to non - compliance, 
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Market share, Brand equity, Customer 
relationships, Customer communications. 
Security mainly have to do with Collaboration 
with governments as well as defenses against 
threats  on reputations 
The remote sensing facility to gauge the customer fuel 
supplies is beneficial to the customer and serves as a 
competitive advantage.  
Also given that ESCO services are not widespread, 
providing such services successfully will help to establish 
the market position of the supply chain  
 
Good relationship with national and local wood fuel 
bodies is also maintained. The supply chain is usually a 
major sponsor of its local wood fuel conference.  
 
which may lead to loss of reputation, 
market share and income.   
 
The ability to provide unique value 
added   services to customers helps the 
supply chain to command higher prices 
and income as well as increasing and 
maintaining its long term end-user 
contracts  
 
Interactions with national and local 
wood fuel bodies increases the supply 
chain’s visibility and help to promote its 
services and protects its interest leading 
to maintaining and increased its sales 
and market share 
  Vulnerabilities: Value added services might come with a 
price that the customer or end-user may not be willing to 
pay.  
There is a general confusion and uncertainty about ESCOs 
in the UK as end-users are wary about such arrangement 
Provide a range of services for different 
end user needs and budgets 
 
 
Effective information dissemination and 
awareness of ESCO services may dispel 
some uncertainties and confusion 
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From Table 25 above the capabilities indicate areas of supply chain resilience and provide the 
following key socioeconomic benefits and supply chain development outcomes.  Firstly, the 
start-up financial loan and grants created a company that supports over 80 individuals in the 
supply chain. Further increased investment in human capital improves skills and leads to more 
value added services, which command higher prices such as consultancies and installations. 
Further partnership and collaboration with woodland owners as well as flexible and adaptable 
arrangements with timber suppliers promotes cost effective operations and provides a 
guaranteed income for timber suppliers and the lead firm. In addition effective collaboration 
and networking facilitates new business partnerships/collaborations increasing sales and 
market share. Also, the interests of the supply chain actors are being represented at the local, 
regional and national level. Furthermore compliance to the Forestry Commission’s standards 
as well as the RHI land criteria provides added security and assurances and it helps to avoid 
possible shut down of operations due to non - compliance, which may lead to loss of 
reputation, market share and income. 
 The vulnerabilities indicate areas for improving supply chain resilience and provide some 
recommendations to avoid limiting socioeconomic benefits and supply chain development 
relevant to the wood chip supply chain. Key recommendations include the need to address 
capacity gaps in human resources such as experienced biomass heat engineer, plumbers and 
site supervisors as well as physical infrastructure like critically needed energy crop harvesting 
equipment. Further planning and funding requirements should be flexible to meet the needs 
of the actors. Complex applications need to be simplified to avoid increased cost and the need 
for a consultant and short-term funding should be addressed. Moreover, effective awareness 
campaign that is tailored to meet actor needs and demonstrates the benefits of the 
programmes increases visibility and may help to overcome inflexible attitudes and the lack of 
uptake from woodland owners and potential energy crop farmers. Also effective information 
dissemination and awareness of ESCO services may dispel some uncertainties and confusion. 
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8.7   Summary of Woodchip Case Study 
This chapter presents the results of the second case study; the wood chip supply chain. It 
includes the results of the supply chain structures and internal governance (ISG) stage, the 
five capital analysis stage (FCA) and the supply chain resilience (SCR) stage, which are the core 
stages of the RELISC framework. The following outlines the key results in each stage. However 
to start with, the framework identifies the key motivations for the establishment of the supply 
chain. These include a decision to explore renewable energy opportunities for business 
diversification. Initial resources include local wood fuel availability and experience in wood 
chipping and biomass installations.  
The results of the supply chain structures and internal governance (ISG) stage is derived from 
the value chain mapping process, which helped to determine the supply chain structure by 
describing its spatial distribution, the type of organisations and actors as well as their internal 
governance patterns in relation to the lead firm.  Firstly, there is a main office which houses 
the wood chip and consultancy lead firm, with 10 permanent and part–time employees and 
a number of regional wood processing hubs which employ a total of 80 people.  Secondly, 
other organisations and actors that are engaged in the supply chain include a number of 
timber suppliers ranging from woodland owners, harvesting contractors, land agents and an 
energy crop supplier that are in balanced governance with the lead firm. Further there are 4 
local chipping contractors that work at the different hubs based on a producer driven 
governance pattern and over 10 timber hauliers that are involved in an arms’ length 
governance pattern and finally approximately 30 customers including leisure centres, schools, 
care homes and a major airport customer are engaged based on a buyer-driven governance 
pattern.      
Further, the implications of institutional and supply chain governance and the results of five 
capital analysis are summarised as follows: balanced governance with timber supplier 
facilitated timber availability and cost effective timber sourcing but were constrained by lack 
of necessary harvesting equipment. Internal hierarchical governance from the lead firm to 
employees lead to a decision to enhance human capital although suitably qualified biomass 
heat engineers for installation and systems design are still needed. Also, producer driven 
governance facilitated cost effective timber processing with the local chipping contractors, 
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which was enabled by the wood-fuel hub facilities. Finally, buyer driven governance caused 
the lead firm to provide long-term end user contracts with favourable terms. 
Externally, executive /judicial governance is employed by the certification organisations to 
ensure wood chip quality, facilitated by recently established uniform standards and wide 
range of training providers but constrained by financial cost and time. Also, executive 
governance is employed by national trade associations, a local wood fuel group and the local 
authority to create awareness and support. However, lack of time, conflicting interests limited 
the effectiveness of the associations. The executive governance pattern also facilitated access 
to financial support from the lead firm directors and a number of funding bodies but it was 
sometimes limited by complex application processes and lack of knowledge or ability to 
successfully apply for grants. Finally, the local authority in providing planning approvals for 
the wood fuel hubs employed the legislative/executive governance pattern. However, lack of 
knowledge and awareness about the concept of wood-fuel hubs made it a more difficult 
process.   
Finally, the assessment of supply chain resilience revealed the capabilities and vulnerabilities 
of the supply chain that enhance or limit socioeconomic benefits and supply chain 
development. Key capabilities include visibility of supply chain needs by directors, so that 
critical establishment funds were provided and human skill capacity that provide value added 
services and hence more income as well as flexible collaboration with timber suppliers that 
ensure timber availability and income for timber suppliers.  Other capabilities are 
collaboration with trade associations that provide support and business partnerships, 
compliance to environmental and resource management legislation that provide security, 
continuity and resource availability to the future. Also long term end user contracts, wood 
fuel quality accreditations in all its hubs and a unique customer remote sensing facility that 
maintains and increases market shares. 
Key recommendations based on the supply chain vulnerabilities include address human and 
infrastructural capacity gaps such as experienced biomass heat engineers and harvesting 
equipment, provide flexible planning and funding requirements and also long-term funding 
with simplified application processes. Further, ensure effective information dissemination 
and awareness campaigns by reaching the right actors and addressing their concerns and 
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different needs. Furthermore a range of services should be provided for different end user 
needs and budgets and finally sensitive relationship management should be employed to 
avoid conflicts.  
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Chapter 9: Wood Log Supply Chain Case Study 
9.1  Introductions and Outline 
This chapter sets out the results of the third and final case study, which is the firewood log 
supply chain. This case study level is the core of the RELISC framework. It comprises of the 
supply chain structures and internal governance (ISG) stage, the Five Capital Analysis stage 
(FCA) and the Supply Chain Resilience (SCR) stage.  
The case study supply chain is introduced by first describing its establishment including the 
motivations and drivers at the set up stage as well as socioeconomic and natural resource 
considerations. Secondly, the supply chain production and delivery process is described in 
order to identify the firms and organisations in the supply chain. The information is used to 
determine the supply chain structure and governance patterns and then provides more 
details on key organisations in the supply chain. Thirdly, the implications of external 
(institutional) and internal (supply chain) governance in the three action spaces and their 
processes as shown in Fig 5 are presented as well as the result of the five capital analysis 
which highlights the areas of capital resource limitations and availability that may act as 
constraints or facilitators of the governance of key processes in each action space. Finally, the 
supply chain is evaluated using the supply chain resilience framework to determine the extent 
of the supply chain’s resilience and its impact on socioeconomic benefits, supply chain 
development and sector growth. 
9.2 Introduction to the Wood log Case study 
Details of the history and current state of the firewood industry in the UK can be seen in 
section 3.4.4. The wood log supply chain starts with a log production and supply enterprise 
as part of a sawmill in a large woodland estate. The woodland estate contains 1,250 acres of 
mixed woodland, comprising of ancient semi natural woodland of around 50% broadleaved 
and 50% coniferous woodland.  
9.2.1 Motivating Factors and Natural Resource considerations 
According to the head forester, wood log production in the estate began in 1997, which came 
out of the need to utilise their significant home grown thinning material. The large amount of 
thinning materials arises from their clear cutting system, which involves planting lots of 
coniferous young trees in order to select the most striving ones to grow through a thinning 
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out process. Subsequently, following several thinning cycles (6-8 years each cycle) the mature 
trees are clear-felled and subsequently re-planted and the cycle starts over. For hard wood, 
the estate chestnut woodland is coppiced on a 15-20 year rotation with the produce being 
used as wood logs.  Other drivers for establishing a log production business in the estate 
includes the ability to have control over energy supply, availability of manpower derived from 
the sawmill as well as an initial financial grant from the RDPE that provided 40% of the cost 
of a log processor (Interview 17). 
9.2.2 Socioeconomic and Environmental Considerations 
Establishing the wood-log enterprise has helped the rural economy by employing about 11 
local staff comprising of 5 equipment and chain saw operators, 3 feedstock and procurement 
officer, 2 administrators and 1 maintenance personnel on contract Also the enterprise has 
been able to provide value from waste thinning materials. Positive environmental impacts 
stem from its active woodland management. In particular, the traditional chestnut coppice 
management provides a diverse habitat for a multitude of flora and fauna by having a range 
of age classes and stages of growth within the coppiced woodland. The woodland was FSC 
certified but due to lack of customer demand for FSC products and no other perceived 
benefits the certification was discontinued. However it has a Forestry Commission 
approved management plan, with a felling license, which is deemed to be enough to ensure 
sustainability (Interview 17). 
9.3 Value chain Mapping and Governance pattern 
The supply chain consists of the lead firm (wood log enterprise) and other firms or individuals 
involved with the wood log production, supply and delivery to the customers. As stated 
earlier, the wood log enterprise consists of 11 permanent full time staff. It makes use of small 
round wood and very low grade of large round wood as well as chestnut coppice. The estate 
produces about 900m3-1000m3 of feedstock and uses up to 400m3 of for its own use. The rest 
approximately 600m3 loose load are sold annually to an increasing mostly domestic customer 
base.  More recently, in addition to the its own resources, the log enterprise sources kiln dried 
wood from a ‘specialist’ log producer due to increasing demand from customers. Also in times 
of high demand, it obtains seasoned log from a nearby small scale log producer. The lead firm 
undertakes delivery of logs in delivery vehicles such as trailers as opposed to volume bags, to 
customers that require it. Other customers pick the logs on purchase. All three companies 
 216 
form the supply chain, which consist of about 30 individuals. Subsequent sections provides 
more information on the small-scale producer and the specialist log producer. Figure 7 shows 
the internal governance pattern and supply chain structure of the wood log supply chain. 
 
 
 
Figure 7- Internal Governance Pattern and Supply Chain Structure of the Wood Log Supply 
Chain. 
In this supply chain, the lead firm is the wood log enterprise located in the large woodland 
estate. Firstly, 70% of wood logs sold to customers are sourced and processed within the 
estate by its own employees. This indicates a hierarchal governance pattern between the 
woodland estate management and lead firm. However the remaining 30% is derived from the 
both the small scale producer and the specialist firm. For the specialist producer, the logs are 
required based on customer preferences hence the relationship is buyer driven between the 
specialist producer and the buyers and also a balanced relationship exists between the lead 
firm and the specialist producer because information on customer order and preferences as 
well as lead times and delivery issues are exchanged regularly. For the small scale producer, 
the governance pattern is   producer driven because the specifications for the logs are 
dictated by the lead firm and supply to the lead firm accounts for about 65% of its output in 
the high demand season.   
9.4 Key Organisations      
This section further describes the role and experiences of key organisations that are part of 
the chain. They include the small -scale producer and the specialist producer.  
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9.4.1 The small scale producer  
The firewood producer was a former harvesting contractor that used to work for various 
private estates and companies. At some point, 90% of his turnover was derived from a major 
contract to harvest timber for a major paper mill company. It was when the paper mill closed 
down that he decided to go into firewood production full time and then bought about 25 
hectares of mixed woodland using some inheritance money he obtained after the death of 
his mum, who spent a lot of time with him in the woods. The commercial production of logs 
in the woodland began in 2007 and was also facilitated by two forestry commission grants 
that were obtained to improve access into the woodland and to buy a timber processing 
machinery.  According to the small scale producer: 
 “The grants went a long way to establishing my business after a long time of 
planning and stopping due to a lack of financial capital”. (Interview 18). 
The firewood producer does most of the timber processing alone but has two tree surgeons 
on contract that come in during the busy seasons to harvest and process. Also his neighbours 
volunteer to help in exchange for wood. In recent years he has observed an increasing 
demand for firewood so that by February his stock has been sold out. He delivers his products 
to some local customers and the lead firm in the supply chain using a tipper and transit van. 
The firewood logs are sold by volume and they are relatively more expensive than regular 
firewood. According to the fire producer, the quality of his products is well known in the local 
area and most of his new customers are introduced to him by word of mouth.  
 From his experience, he states that getting reliable, efficient and experienced tree surgeons 
is difficult and they could also be expensive demanding about £100-150 pounds per day. He 
has used the same tree surgeons for the past ten years. They have developed a good working 
relationship over time. He also was mentioned that it is also important to get self-employed 
workers because of less insurance cost. On the other hand, training apprentices is not 
economically attractive in spite of the relative low pay because of higher insurance cost, less 
efficiency and the training efforts involved. Further, he mentioned that wet winters could also 
adversely affect efficiency because of slow progress and more time and hence money to pay 
the workers.  
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As a small-scale producer, he mentioned some concerns; firstly, running costs and overheads 
can easily erode profit because cost per tonne is high compared to a large-scale producer. 
Also because of increasing demand, there is an increase in large-scale commercial imports, 
which are cheaper and more attractive to customers in spite of the risk of disease and less 
quality of products. Also there is a tendency for customers to order when they need the logs 
instead of months before which is not good enough for planning and projections at the small 
scale. However, in spite of these disadvantages in producing at a small-scale, there is a 
reluctance to expand his business because of need for extra administration. According to him 
“I don’t want to employ people, I don’t want to deal with the paper work” (Interview 18). 
In terms of networks and other organisations, the producer is in regular contact with the lead 
firm for orders and supplies and the forestry Commission visits occasionally. Given that he 
supplies mainly in his local area, there is a sense of community and he regularly engages with 
other local small scale firewood producers and as mentioned before get some volunteers to 
help in the wood land in exchange for wood.  However he has limited engagement with other 
larger scale firewood processors, except the lead firm. Others are said “to hold their cards 
close their chest”, which he thinks is one of the reasons for a wide range of variability in prices 
and quality of woods on the market (Interview 18). 
9.4.2 Specialist kiln dried wood producer  
The business is a large-scale producer of kiln-dried firewood in the UK producing about 16,000 
tones of kiln-dried hardwood annually. Kiln dried hard wood is seasoned using a kiln driers 
running on waste wood. The wood is seasoned to less than 20% moisture content as opposed 
to naturally seasoned wood, which is air dried for months and years and only achieves about 
30% moisture content. It also burns more efficiently, offers better value for money because 
fewer logs are used and less stove cleaning is required. According to a partner of the company, 
the innovative ability to kiln dry firewood was a major driver and serves as a key competitive 
advantage for the company which was established in 2006 as an avenue to diversify their farm 
business (Interview 19). 
As a specialist log producer, the company has tried to standardise products and practice 
across the sector. Firstly it works with stove manufacturers, distributors such as the lead firm 
in this supply chain and installers to educate customers about the importance of using dry 
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wood and the right fuel for the wood-burning stove. Secondly it worked with HETAS to 
establish a quality assurance scheme for firewood production. It is also part of the stove 
alliance trade body and has subscribed to the Grown in Britain license. In addition, all its logs 
are sold in small packs or bulk bags of a known and checked volume so customers know what 
they are buying every time instead of selling by weight or load. Incidentally, it was mentioned, 
a threefold increase in demand for kiln dried firewood last winter meant that they had to 
increase lead times urging customers to order well before the logs are required (Interview 
19).  
Further, a common concern shared by the specialist log producer, lead firm and the small-
scale producer is the increasing Eastern Europe imports (Interview 17,18,19) As a result, the 
company has decided not to source for these imports as an alternative even when supply is 
stretched as in the last winter. Other concerns include the rise in raw material for firewood 
(i.e. round-wood). It is reported that the price has doubled in the past five years, in addition 
to a 15% increase in the last 12 months. This is due to increasing demand for firewood as well 
as wood pellets and wood chip. Further, there are concerns that fire wood and wood burning 
is being blamed for recent air pollution problems in London. To counter this, the company is 
involved in a campaign to replace open air fireplaces with the more efficient closed wood 
burning stoves and it is also part of an environmental initiative by the stove alliance to tighten 
the environmental standards for newly designed wood burning stoves (Interview 19).  
9.5 Implications of External and Internal Governance and Five Capital 
Assessment  
The implications of supply chain (internal) and institutional (external) governance patterns as 
well as the impact of availability and lack of capital resources (natural, social, human, physical 
and financial) on the governance of different processes in each action space are described in 
this section. They include the Sustainable Management of Resource and Environment, 
secondly, People, Quality and Networks and thirdly Cost effectiveness/Financial and 
infrastructure and their different processes as shown in Fig 5. 
9.5.1 Sustainable Management of Resource and Environment  
For this supply chain, this action space involved the following processes: sourcing for 
sustainable natural resources, ensuring genuine carbon emissions savings and managing air 
 220 
quality control and other environmental impacts The section now outlines the results of the 
implications of internal (supply chain) and external (institutional) governance patterns 
including the results of the five capital analysis which indicates resource limitations or 
availability related to the governance of the processes identified within this action space. A 
summary of the results is provided in Table 26 below.  
In the process of sourcing for sustainable resource, large volume of woodland estates’ 
thinning materials for log production is provided based on internal hierarchical governance 
from the estate management (Interview 19). Also balanced and producer driven governance 
between the Lead firm and the small scale and specialist log producers respectively, facilitates 
flexible sourcing and adaptation to the demand for low moisture hard wood timber.  The FCA 
assessment show that the wood log lead firm also makes use of available saw mill capabilities 
and machinery but is limited by difficulty in obtaining and replacing skilled manual and skilled 
motor chainsaw operators and lacks a bulk bag crane delivery system. 
Externally, executive governance from Grown in Britain (GIB) and the legislative/executive 
governance from the Forestry commission provides the GIB Chain of custody certification and 
felling licences/woodland management plans respectively (Interview 17,18,19). However 
there is inadequate sustainable and certified timber supply at busy periods, i.e. demand 
surpasses supply and there are only occasional monitoring visits from the Forestry 
commission (Interview 17,18). 
Secondly, the process of ensuring genuine emissions savings are facilitated by the lead firm 
sourcing 80% of logs from its host estate based on hierarchal governance. Similarly the small-
scale producer also provides logs from It’s own woodland. However buyer driven governance 
from customers has increased demand so that timber has to be sourced from a 100 miles 
radius with negative impact on GHG emissions (Interview 17,18,19). 
Air quality management involves a balanced partnership with the specialist firm, which 
involves educating customers on the air quality benefits of low moisture content logs and 
modern wood burning stoves. This has resulted in increased awareness and installation of 
good standard modern stoves amongst customers. Externally, legislative/ executive 
governance from the Stove alliance (SIA) involves working with stove manufacturers and 
trade members to improve the standard of stove designs and best practice respectively. Also 
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OFGEM enforces the clean air act’s smoke-free zones based on a legislative /judicial 
governance that requires a more rigorous audit and enforcement regime especially for log 
boilers and stoves which are not under the RHI (Interview 25; SIA, 2016). 
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Table 26-The Sustainable Management of Resource and Environment: Implications of Governance Patterns and Five Capital Analysis  
Process Governance patterns 
and Actors 
Description and implications of Governance 
patterns  
 Five Capital Analysis (Related Capital) 
Sourcing for 
sustainable 
resource 
Internal Governance  
Hierarchal 
Estate management to 
Lead firm  
 
Balanced   
Lead firm to specialist 
and small scale 
producer  
 
 
External Governance 
 Executive   
Grown in Britain to 
specialist log producer   
 
 
Legislative/ Executive  
Forestry Commission to 
Lead firm and small 
scale producer 
Clear cutting thinning process creates large 
volume of thinning materials for log 
production  
 
 
Flexible sourcing and adapting to the 
demand for low moisture hard wood timber 
 
 
 
 
GIB Chain of custody certification ensures a 
sustainable source.  
 
 
 
 
FC administers felling licenses and woodland 
management plans compliant to the UK 
forestry standard.  
Use of sawmill capabilities and machinery like 
trailers and tractors, Posch hydraulic, manual 
stroke saw and cone splitter machinery part 
funded in a RDPE grant (Physical capital). 
 
Difficulty in obtaining and replacing skilled 
manual skilled motor manual chainsaw 
operators and require bulk bag crane delivery 
(Human and Physical capital). 
 
 
In adequate sustainable and certified timber 
supply at busy periods, demand surpasses 
supply, source from 100mile radius (Natural 
capital). 
 
 
Lack of human capital: occasional visits and 
limited monitoring of forestry standards 
(Human capital). 
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Ensuring genuine 
emissions savings  
Internal Governance  
Hierarchy 
Estate management to 
lead firm  
 
Producer driven 
governance  
Lead firm to small scale 
producer  
 
Buyer driven 
governance  
Customers to lead firm 
The lead firm sources 80% of logs from its 
own estate  
 
 
 
Small scale producer sources from own 
estate  
 
 
 
 
Sourcing timber from a 100 miles radius 
because of increasing demand 
Availability and use of estate resources saves 
GHG emissions from transportation of timber 
(Natural capital). 
 
 
Availability and use of own wood land 
resources (Natural capital). 
 
 
 
Inadequate local timber supply; sourcing from a 
100mile radius has negative impact on GHG 
emissions (Natural capital). 
Air quality 
Management 
 
Internal Governance  
Balanced   
Specialist firm to lead 
firm  
 
External Governance 
Legislative/ Executive 
Stove alliance to 
specialist producer, 
stove manufacturers. 
 
Legislative /judicial 
governance  
OFGEM to enduser 
Educating customers on the benefits of low 
moisture content to avoid emissions and 
encouraging the replacement of open fire 
logs with modern wood burning stoves   
 
Working with stove manufacturers to 
improve standard of stove designs  
Working with stove alliance in educating 
trade members on best practice  
 
 
Enforcement of the clean air act, smoke free 
zones 
 
Increased knowledge and awareness of the 
benefits of low moisture content. Increased 
installation of good standard wood burning 
stoves (Social and Human capital). 
 
Early Introduction of tightened environmental 
standards for newly designed stoves (Physical 
and Natural capital) 
 
 
 
A more rigorous audit and enforcement 
regime for log boilers and stoves, not under 
the RHI (Physical and Natural capital) 
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9.5.2 People, Quality and Networks 
For this supply chain, this action space involved the following processes; Training and 
maintaining skilled employees, firewood quality and creating awareness and networking or. 
This section outlines the results of the implications of internal (supply chain) and external 
(institutional) governance patterns in addition to the results of the five capital analysis which 
indicates resource limitations or availability related to the governance of the three key 
processes identified within this action space. Summary of the results are provided in Table 27 
below.  
 The process of training and maintaining skilled employees involves internal hierarchical 
governance from the lead firm to employees offering in house training and updates training 
on all machine procedures (Interview 17). However, the FCA assessment indicates that 
replacing skilled manual chain saw operators can prove difficult (Interview 17). Also, the 
small-scale producer employs two tree surgeons seasonally for 10 years based on balanced 
governance. This is because reliable and efficient contractors are hard to come by and 
continued custom increases knowledge and familiarity of the woodland, which improves 
efficiency (Interview 18). 
For ensuring firewood quality, internal buyer driven governance from end users drives 
increasing demand for good quality and low moisture firewood and a preference for hard 
wood (Interview 17,19). The specialist log producer who developed and uses a Kiln drier to 
achieve about 20% Moisture content meets this demand (Interview 17,19). Externally, 
Executive and Judicial from HETAS certifies and monitors firewood quality and also places 
sanctions on non-compliance. Notably, the specialist log producer helped to develop the 
HETAS firewood quality assurance scheme and it is the only firm in the supply chain that is 
HETAS certified (Interview 19).  
The process of creating awareness and networking involves word of mouth promotion of 
supply chain products based on internal buyer driven governance between the end-users and 
the lead firm/small scale producer. However, more formal promotion avenues might be 
required. On the other hand, the specialist producer based on the same buyer driven 
governance uses local newspaper adverts, newsletters as well as local media and websites for 
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promotion. However such promotions could be costly and time consuming (Interview 
17,18,19). 
Externally, executive governance from the Stove Alliance involves a campaign to replace 
open-air fireplaces with the more efficient closed wood burning stoves and an environmental 
initiative to tighten environmental standards for newly designed wood burning stoves 
(Interview 19; SIA, 2016). However lack of awareness and knowledge about this campaign 
limits its effectiveness (Interview 19). Further, CONFOR and Grown in Britain promotes the 
products of the supply chain to the local area and provides quality assurance for customers. 
This however limited by costly estate membership fees (Interview 17,18,19). 
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Table 27 - People, Quality and Networks: Implications of Governance Patterns and Five Capital Analysis 
Process Governance Patterns: supply 
chain actors and institutions  
Description and implications of 
governance patterns 
Five Capital analysis (Related 
capital) 
Training and maintaining skilled   
employees 
 
 
Internal Governance 
Hierarchy 
Lead firm to Employees 
 
 
 
Balanced  
Small scale producer to tree 
surgeons  
 Lead firm management offers in 
house training to employees and 
updates training on all machine   
procedures  
 
 
Small-scale producer employs 
two tree surgeons seasonally. 
Used the same contractors since 
inception for 10 years 
The log enterprise (lead firm) 
plant finds it difficult to replace 
some skilled manual chain saw 
operators over time (Human 
capital). 
 
Reliable and efficient contractors 
are hard to come by. Continued 
custom increases knowledge and 
familiarity of the woodland, 
which improves efficiency 
(Human capital).  
Ensuring firewood quality Internal Governance  
Buyer-driven   
End users to supply chains 
 
 
 
External Governance  
Executive and judicial 
HETAS certification to supply 
chain 
Increasing demand for good 
quality and low moisture 
firewood for wood burning 
stoves. And preference for hard 
wood 
 
Certifies and monitors certifies 
firewood quality and also places 
sanctions on non -compliance 
The specialist log producer 
developed and uses a Kiln drier, 
which dries hard wood to about 
20% moisture content (Physical 
capital). 
 
The specialist log producer 
helped to develop the HETAS 
firewood quality assurance 
scheme and it is the only firm in 
the supply chain that is HETAS 
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certified (Human and Physical 
capital).  
Creating awareness and 
networking 
Internal Governance  
Buyer driven   
End users to lead firm and small 
scale producer  
Specialist producers to End-
users  
 
External Governance  
Executive  
Stove Alliance to specialist 
producer  
 
 
Executive  
CONFOR and Grown in Britain to 
supply chain 
Word of mouth promotion  
Local newspaper adverts, 
newsletters as well as the use of 
local media and website to 
promote its products  
 
 
Campaign to replace open air 
fireplaces with the more efficient 
closed wood burning stoves and 
create awareness on the use of 
good quality fire wood 
 
Promotion of products to local 
area, quality assurance for 
customers  
Require more formal promotion 
avenues like local newspapers 
and the use of media 
Costly and time consuming 
promotional avenues (Social and 
Financial capital). 
 
A general lack of awareness and 
knowledge about this campaign  
(Social capital) 
 
 
 
Estate membership can prove 
costly (Financial and Social 
capital) 
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9.5.3 Cost effectiveness/ financial support and infrastructure  
For this supply chain, this action space involved the following processes; Infrastructural 
development: Setting up firewood log enterprise, accessing financial support, cost 
effectiveness in timber sourcing, cost effectiveness in production and operations and cost 
effectiveness in customer service. This section outlines the results of the implications of 
internal (supply chain) and external (institutional) governance patterns in addition to the 
results of the five capital analysis which indicates resource limitations or availability related 
to the governance of the three key processes identified within this action space. A summary 
of the results is provided in Table 28 below.  
The process of setting up firewood log enterprise involved external Executive governance 
from the Forestry Commission to the log enterprise lead firm and the small-scale producer. 
For the lead firm, a RDPE infrastructural grant facilitated the establishment of the log 
enterprise by partly funding its log processor: Posch hydraulic, manual stroke saw and cone 
splitter machinery. However a bulk bag crane delivery system is still required (Interview 17).  
For the small-scale producer, the FC provided two grants to improve access into the woodland 
and to buy a timber processing machinery (Interview 18). 
In the process of accessing financial support, the Forestry Commissions grants mentioned 
above are the key source of financial support. According to the lead firm owner (Interview 
17):   
“without the FC grants, we would not have gone into commercial firewood 
production or taken a longer time to do so”(Interview 17). 
However the process was hampered by lack of effective application administration: Slow turn 
around, delays and changing deadlines led to rushed decisions (Interview 17,18). 
Cost effectiveness in feedstock sourcing (price) is facilitated by hierarchal governance 
between the estate management to lead firm through the use of estate’s thinning materials 
resources without cost. Also the small-scale producer uses its own woodland resources to 
supply the log enterprise (lead firm) based on producer driven governance. However, his 
woodland resources are limited. Balanced governance between the specialist producer/lead 
firm and timber suppliers means that hard wood timber has to be sourced from a 100 miles 
radius due to increasing demand and higher prices locally. However, significant haulage costs 
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limits cost effectiveness thus more local timber sources are required to bring the local prices 
down (Interview 17,19). 
The process of cost effectiveness in production and operations is facilitated by the use of 
governance pattern. Also available facilities mean that the processes are done within the 
estate, which is cost effective and also aids proper management. Further the buyer driven 
demand for low moisture hardwood logs are cost effectively met by the use of wood waste 
and solar energy to power kiln machines  
To achieve cost effective firewood delivery and customer service, buyer driven governance 
from end users indicate a preference for volume bags rather than the current use of loose 
load delivery in vans and trailers. However the log enterprise (lead firm) requires a bulk bag 
crane to effect the changes demanded  
Further the lead firm offers cheaper price for green wood for customers with adequate log 
seasoning space. This service is limited by lack of awareness and most customers do not have 
the space. 
Finally buyer driven governance creates increased demand in winter, which leads to 
inadequate supply in busy periods causing delays in lead times. This indicates that more local 
sources of timber and required and customers need to order well before they run out of 
supplies. 
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Table 28-Infrastructure, Finance and Cost Effectiveness: Implications of Governance Patterns and Five Capital Analysis 
Process Governance Patterns: supply 
chain actors and institutions  
Description and implications of 
Governance Patterns.   
Five Capital analysis (Related 
capital) 
Infrastructural 
development: Setting up 
firewood enterprise 
 
 
 
 
 
 
External Governance 
Executive  
Forestry Commission (RDPE) to a 
lead firm  
 
Executive 
Forestry Commission to small 
scale producer  
40% infrastructural grant 
facilitated the establishment of the 
firm. 
 
 
 
Two grants to improve access into 
the woodland and to buy a timber 
processing machinery 
 Log processor: Posch hydraulic, 
manual stroke saw and cone 
splitter machinery part funded in 
the RDPE grant (Physical capital). 
 
Require bulk bag crane delivery, 
improved access and timber 
processing machinery (Physical 
capital). 
Accessing Financial support 
 
 
 
External Governance  
Executive  
Forestry Commission to lead firm 
and small scale producer  
Provision of partial grants 
facilitated the establishment of 
both enterprises  
Lack of effective application 
administration: delays and 
changing deadlines can lead to 
rushed decisions (Human and 
Financial capital). 
Cost effectiveness in 
feedstock sourcing (price)  
Internal Governance  
Hierarchical 
Estate management to   lead firm  
 
Producer driven  
Lead firm to small scale producer  
 
 
 
Use of own thinning materials 
resources 
 
 
Sourcing timber from 100mile 
radius. Increasing   price of round 
wood due to demand from other 
sectors  
 
The availability and use of 
significant waste resources to 
derive value (Natural capital). 
 
Limited capacity due to use of 
own resources (Natural capital) 
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Balanced  
Specialist producer to timber 
supplies 
 
 
Higher timber cost means higher 
firewood price compared with 
cheaper imports   
 
Haulage costs are significant and 
impact on price (Financial 
capital). 
  
Require more local sources of 
timber to get price cheaper 
(Natural capital) 
Cost effectiveness in 
production and operations  
 
Internal Governance  
Hierarchy   
Estate management to lead firm 
 
Buyer driven  
End users to specialist producer  
Use of estate infrastructure and 
sawmill machinery  
 
 
 
Demand for low moisture firewood 
All the processes are done within 
the estate, facilitating proper 
management (Physical capital)  
 
Use of wood waste and solar 
energy to power kiln machines 
(Physical capital). 
Cost effectiveness firewood   
delivery and customer 
service 
 
Internal Governance 
Buyer driven   
End-users to Lead firm  
 
Balanced 
Lead firm to end-users 
 
 
 
Buyer driven  
Specialist producer to end-users 
Use of loose load delivery in vans 
and trailers  
 
 
Cheaper price for green round 
wood for customers with adequate 
space for seasoning  
 
 
Inadequate supply in busy periods 
causes delays in lead times.    
Need bulk bag crane delivery for 
volume bags instead of loose load 
(Physical capital). 
 
Lack of awareness of this service 
and lack of storage facilities in 
end user premises (Social and 
Physical capital). 
 
Lack of  end-user storage 
facilities. Require more local 
sources of timber (Physical and 
Natural capital) 
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9.6 Supply Chain Resilience Assessment  
Drawing from the information in the last section, this section assesses the resilience of the 
supply chain.  As discussed in chapter 7, the ability to deal with risks within the supply chain 
is the focus in this research such as the supply chain risks internal to the firm linked with 
process and control and risks external to the firm but internal to the supply chain network 
dealing with demand and supply issues. A range of supply chain principles in the supply chain 
resilience framework is used to assess supply chain resilience, as shown in Table 29. They 
have been characterised in relation to wood-fuel supply chains. The assessment highlights the 
capabilities and vulnerabilities of the supply chain in relation to the factors in the supply chain 
framework and then outlines their implications on socioeconomic benefits, supply chain 
development and resilience outcomes. Table 29 provides a summary. 
Visibility and Capacity:  A key source of visibility is the word of mouth promotions, and the 
use of local newspaper adverts, newsletters, local media and websites. In terms of capacity, 
grants from the forestry commission help to establish the chain by providing physical capital 
such tractors, machinery and log processers.  Human resources are derived from using the 
estate’s sawmill capabilities. Natural resource capacities stems from the availability of large 
volume of thinning materials for log production. Key related vulnerabilities are difficulty in 
obtaining and replacing skilled manual skilled motor manual chainsaw operators as well as 
reliable and efficient contractors. In addition to in-adequate timber supplies at busy periods  
Flexibility and Adaptability: A key adaptability is the ability to convert and adapt   woodland 
waste thinning into valuable firewood. Flexibility is shown in the flexible sourcing of Kiln dried 
wood from the specialist producer based on customer demand, flexible use of infrastructures 
and sawmill machinery and providing cheaper price for green wood for customers with 
storage.  Vulnerability arises from a number inflexible attitude and actions; for instance the 
small-scale producer employs the same tree surgeons for 10 years with no plans to expand 
despite increasing demand at peak times. Also the specialist producer only produces 
hardwood firewood rather producing softwood log also especially in peak periods. In 
addition, customer demand seems to be inflexible because of the spikes at peak winter 
despite advice to order logs in less busy periods of the year. Further the use of loose load 
delivery vehicles instead of volume bag preferred by the customers indicate a lack of agility 
to adapt to customer requirements  
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Collaboration and Dispersion: Effective collaboration with stove alliance in educating trade 
members and end user on best practice results in a notable increase in installation of good 
standard wood burning stoves. Also, the successful development of the HETAS firewood 
assurance scheme in collaboration with the specialist producer exhibits effective 
collaboration capability. In addition, long-term collaboration with small-scale producer 
contractors improves reliability and efficiency. A dispersion capability is seen in the lead firm 
sourcing from different suppliers to meet demand. Related vulnerabilities areas include lack 
of ready alternatives for the small-scale contractors and potential loss of innovation due to 
over familiarity. Further, HETAS may be an unnecessary expense if customers are already 
aware of the good quality of the products   
 Anticipate and Recovery: The GIB chain of custody, FC felling license and woodland 
management plans compliant to the UK forestry standard are capabilities that help to ensure 
sustainable sourcing of natural resources which is an important precaution against the 
potential depletion of natural resources. Also the decision not to source for imported wood 
even at peak times helps to avoid potential tree disease. Further, the early introduction of 
tightened environmental standards for newly designed stoves, enforcement of the clean air 
act, the campaign to replace open air fireplaces with the more efficient closed wood burning 
stove, the resulting increase in installation of good standard wood burning stoves, all act as a 
precaution against potential air pollution. However vulnerabilities to address include the 
occasional visits and limited monitoring of forestry standards, the need for a more rigorous 
audit and enforcement regime especially for log boilers and stoves, which are not under the 
RHI. 
Market Position and Security: The production of kiln dried logs to meet the increasing 
demand for good quality and low moisture hardwood firewood and the use of wood waste 
and solar energy to power kiln machines is a competitive advantage.  HETAS certification of 
the specialist producer also assures firewood quality and the use of word of mouth and formal 
advertising such as the local newspaper adverts, newsletters, social media and website to 
promote its products help increase market shares. However formal promotional avenues may 
be costly and time consuming and other vulnerabilities include inadequate supply in busy 
periods causes delays in lead times. Increasing price of round wood due to demand from other 
sectors and cheaper imports. 
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Table 29 - Supply Chain Resilience Assessment of the Wood log Supply Chain. 
Supply Chain resilience 
framework  
Capabilities Implication on socioeconomic benefits and supply 
chain development and resilience outcomes  Vulnerability 
Visibility and Capacity: 
Visibility involves 
knowledge of the status 
of operating assets and 
the environment, 
information exchange 
and visibility of abilities, 
services and capacity. 
Capacity involves 
possession of a range of 
abilities and know-how, 
capital resource 
availability as well as 
reserve capacity 
Capabilities:. 40% infrastructural grant facilitated the 
establishment of the firm and clear-cutting thinning 
process creates large volume of thinning materials for log 
production creates natural resource capacity 
 
Use of sawmill human capabilities and machinery like 
trailers and tractors, Posch hydraulic, manual stroke saw 
and cone splitter machinery part funded in a RDPE grant 
forms part of human and physical capacities.  
Also the kiln dried log processor is a unique physical 
capacity 
 
Lead firm management offers in house training to 
employees and updates training on all machine 
procedures indicating visibility capacity  
Word of mouth and formal promotional avenues increase 
visibility  
11 local jobs created from the establishment of the 
supply chain and value is derived from thinning 
waste resources. 
 
 
Kiln dried machinery provides additional income 
for specialist producer  
 
 
 
 
 
Visibility helps to generate demand, which is 
critical for supply chain development and leads to 
increased income.  
 
Vulnerabilities Difficulty in obtaining and replacing skilled 
manual skilled motor manual chainsaw operators and 
require bulk bag crane delivery and reliable and efficient 
contractors are hard to come by 
In adequate sustainable and certified timber supply at 
busy periods, demand surpasses supply, source from 100 
More sponsored training to fill skill gaps at the 
sector level to avoid loss of production and cost 
effectiveness due to staff shortages 
Work with local unmanaged woodland to improve   
timber availability to avoid loss of customer 
confidence and income 
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mile radius and require more local sources of timber to 
get price cheaper 
 
Require more formal promotion avenues like local 
newspapers and the use of media 
 
Lack of adequate storage facilities at some end user 
premises limits cost effective delivery and customers 
tend to order when required 
 
  
Formal promotion avenues may be costly and not 
worth the money if word of mouth is able to 
generate customers  
 
Provide good Incentive for customers to order early 
and establish local storage hubs to facilitate cost 
effective delivery 
Flexibility and 
Adaptability 
 
Adaptability refers to 
ability to modify 
operations in response to 
challenges or 
opportunities.  
Flexibility refers to the   
ability to quickly change 
in processes, sources and 
thinking. It includes 
flexibility in sourcing and 
Flexibility in Order 
Fulfilment, which 
includes ability to quickly 
change inputs or the 
mode of receiving inputs 
Capabilities:   
The availability and use of significant waste resources to 
derive value. Flexible sourcing based in customer demand  
Flexible use of estate infrastructure and sawmill 
machinery  
Use of wood waste and solar energy to power kiln 
machines  
 
Providing cheaper price for green round wood for 
customers with adequate space for seasoning  
Additional income from thinning waste resources 
and also acting as a middleman for the specialist 
producer generates more income. 
 
Use of estate machinery increases cost 
effectiveness   and reduces machinery redundancy  
 
Cheaper green round wood saves end-user money 
Solar energy and wood waste are cost effective 
operations.  
Vulnerabilities:  
Small-scale producer employs two tree surgeons 
seasonally. Used the same contractors since inception for 
10 years  
Small-scale producer decision not to increase production 
despite increasing demand, timber shortages in busy 
times and logs are sold off by November 
Need to have ready alternative contractors to 
avoid a significant impact on productivity levels if 
the contractors are unable to honour their 
contracts  
 
The decision should be re-considered due to  
loss of opportunity for more income given the 
demand and loss of job creation. 
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and the ability to quickly 
change outputs or the 
mode of delivering 
output   
 
Only hardwood firewood are produced by specialist 
producer  
 
Continued use of loose load delivery in vans and trailers 
and requires bulk bag crane  
 
Loss of opportunity and income from using only 
hard wood instead of a mixture that includes soft 
wood which may be more easily available  
 
Need to speed up the transition to use bulk volume 
bags to avoid to loss of customers and income 
Collaboration and   
Dispersion  
Collaboration includes 
cooperating within the 
network and risk sharing 
Ability to work effectively 
with other entities for 
mutual benefit as well as  
Collaborative forecasting, 
Customer management, 
Communications 
 
Dispersion refers to 
broad distribution or de-
centralisation of assets as 
well as distributed 
capacity and assets and  
Dispersion of markets 
Capabilities Educating customers on the benefits of low 
moisture content to avoid emissions and encouraging the 
replacement of open fire logs with modern closed wood 
burning stoves   
 
Working with stove manufacturers to improve standard 
of stove designs Working with stove alliance in educating 
trade members on best practice  
 
Collaboration with volunteering neighbours and 
continued custom with trees surgeon contractors.  
 
 
 
The specialist log producer helped to develop the HETAS 
firewood quality assurance scheme in collaboration with 
the SIA and it is HETAS certified 
Best practice education, enables supply chain and 
sector development. This helps to facilitate 
demand for low moisture logs and hence more 
income  
 
Best practice and air quality complaint stove 
develops the sector and promotes it reputation 
 
A sense of community is fostered through   
volunteering and wood log exchange and 
continued customer with tree surgeons increases 
knowledge and familiarity of the woodland, which 
improves efficiency 
 
 Specialist producer HETAS certification is a 
competitive edge over other suppliers. 
Vulnerabilities:  
Use of same contractors for ten years 
 
Alternative ready contractors are required.  
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HETAS is an expensive in time and money. Additional cost 
may not be necessary if customer do not require it 
 Potential loss of income due to loss of productivity 
levels if contractors are unable to meet their 
obligations  
 
Additional expense may erode profitability if some 
customers do not require certification.  
Anticipate and Recovery 
Anticipation refer to the 
ability to discern 
potential events and 
situations  such as the 
need to ensure the 
availability of natural 
resource through good 
management processes 
recovery refers to ability 
and plans to return to 
normal or better through 
resource mobilization 
and consequence 
mitigation 
Capabilities  
GIB Chain of custody certification and FC felling licenses, 
woodland management plans and UK forestry standard 
ensures a sustainable source.   
 
Early Introduction of tightened environmental standards 
for newly designed stoves 
 
Enforcement of the clean air act, smoke free zones and 
availability and use of estate resources saves GHG 
emissions from transportation of timber. 
 
Increased knowledge and awareness of the benefits of 
low moisture content and increased installation of good 
standard wood burning stoves  
 
Working with stove manufacturers to improve standard 
of stove designs Working with stove alliance in educating 
trade members on best practice  
Availability of sustainable feedstock over the years 
is essential and a good system of governance is 
beneficial to the environment and also to ensure 
supply chain development and resilience  
 
GIB certification also provides assurances 
recommendations and local connections from GIB   
may increase customer demand 
 
  
 
Increased knowledge and increased modern stove 
installation as well as of best practice facilitates 
sector and supply chain development and 
resilience and improves re 
 
Environmental sustainability due to best practice 
enhances the reputation of the sector and its 
acceptability  
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Vulnerabilities Occasional visits and limited monitoring of 
forestry standards by the forestry commission. Also, lack 
of effective application administration:   
 
Less than rigorous air quality audit and enforcement 
regime  
 
Relative lack of awareness and knowledge about the   
campaign to use modern and closed wood burning stoves 
and benefits of low moisture content logs  
The Forestry Commission needs to address these 
issues by providing more human capital and 
adapting   its application process to end-user needs 
and concerns. 
OFGEM need to establish a more rigorous 
enforcement regime for especially for log boilers 
and stoves which are not under the RHI 
 
More efforts and effective campaign avenues with 
incentives for end users 
Market position and   
Security 
Market position refers to 
the status of a company 
or its products in specific 
markets, Product 
differentiation, Customer 
loyalty/retention, Market 
share and customer 
relationships. 
Security mainly have to 
do with collaboration 
with governments as well 
as defences against 
threats on reputations 
 
Capabilities:  
The specialist log producer developed and uses a Kiln 
drier, which dries hard wood to about 20% Moisture 
content  
The specialist log producer helped to develop the HETAS 
firewood quality assurance scheme and it is HETAS 
certified 
 
Local newspaper adverts, newsletters as well as the use 
of local media and website to promote its products 
specialist producer 
 
Promotion of products to local area, quality assurance for 
customers  
 
Use of wood waste and solar energy to power kiln 
machines. Not sourcing for imported wood. 
 
Kiln dried wood and HETAS certification both serve 
as   competitive advantage. 
 
Informal and formal promotions help to maintain 
and improve market share for the specialist 
producer. 
 
 
 
 
 
 
 
Avoiding imported wood adds security and in the 
short to long term helps to prevent the transfer of   
potential tree disease. 
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 Vulnerabilities:  
Costly and time consuming promotional avenues  
 
Estate membership to certification bodies can prove 
costly  
Increasing price of round wood due to demand from 
other sectors. Higher timber cost means higher firewood 
price compared with cheaper imports   
 
Inadequate supply in busy periods causes delays in lead 
times.    
A simple cost and benefit analysis should indicate if 
these promotions and estate membership to 
certification bodies are worth the time and the 
money expended. 
 
Liaise with local timber suppliers or owners of 
woodland to increase supply in order to bring cost 
down eventually 
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From Table 29 above the capabilities indicate areas of supply chain resilience and provide the 
following key socioeconomic benefits and supply chain development outcomes.   
11 local jobs and additional income are derived from the sale of thinning waste resources as 
wood logs and also from the sale of kiln dried wood. Further increased visibility and hence 
demand and income are derived from word of mouth and formal promotional avenue and 
cost effectiveness arises from the use of estate machinery. Furthermore, supply chain and 
sector development as well as sector reputation are enhanced by end-user best practice 
education and the use of air quality complaint stoves. A sense of community is also fostered 
through volunteering in exchange for wood logs. Finally, assurances, recommendations and 
local connections are facilitated by the GIB certification.   
 The vulnerabilities indicate areas for improving supply chain resilience and provide some 
recommendations to avoid limiting socioeconomic benefits and supply chain development 
relevant to the wood log supply chain. Firstly, there is a need to provide more sponsored 
training to fill skill gaps at the sector level. Also, to improve   timber availability and to avoid 
loss of customer confidence and income, more connections should be made with local 
woodland owners to increase the resource. Further, to manage high demand at busy times, 
local storage hubs may be established and customers could be encouraged to order early 
through incentives. Also considerations should be made to soft wood as well as hard wood to 
enhance timber availability and there is need to speed up the transition to use bulk volume 
bags to avoid to loss of customers and income. Finally cost benefit analysis may be employed 
to determine if certifications are worth the time and money and if they are actually required 
by customers.  
9.7 Summary of wood log case study 
This chapter presents the results of the third case study; the wood log supply chain. It includes 
the results of the supply chain structures and internal governance (ISG) stage, the five capital 
analyses stage (FCA) and the supply chain resilience (SCR) stage, which are the core stages of 
the RELISC framework.  The following outlines the key results in each stage. However to start 
with, the framework identifies the key motivations and initial resources for the establishment 
of the supply chain. These include the opportunity to create value from significant waste 
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resources and business diversification. Also the availability of woodland resource and 
innovative ability to kiln dry wood (specialist producer) were key drivers 
Next, in view of the emerging and fragmented nature of the sector, the value chain mapping 
process helped to determine the supply chain structure by describing its spatial distribution, 
the type of organisations and actors as well as their internal governance patterns in relation 
to the lead firm.  In this case study, the lead firm is a wood log enterprise, which is part of a 
sawmill in a woodland estate that provides woodland thinning waste from which logs are 
produced, traded, distributed and delivered to local end-users. The supply chain employs 23 
individuals in total. Other organisations include a small-scale producer, who has 2 tree 
surgeons on contract and exhibits a producer driven governance pattern with the lead firm. 
Also involved is a specialist kiln log producer with 10 permanent staff, who engages with the 
lead firm based on a balanced governance pattern. Customers comprise of domestic homes, 
some schools and care homes, which influence the chain and lead firm with their preferences 
based on a buyer driven governance.  
Further, the implications of institutional and supply chain governance and the results of five 
capital analysis are summarised as follows: Internal hierarchical governance from the estate 
management provides large volume of woodland estates’ thinning materials for log 
production at no cost and allows the use of sawmill machinery facilitating cost effectiveness. 
However, woodland resource is still not sufficient to meet current demand. The hierarchal 
governance also provides training opportunities because replacing skilled manual chain saw 
operators can prove difficult. Balanced governance between the lead firm and the specialist 
log producers facilitates flexible sourcing to meet demand for low moisture kiln dried hard 
wood timber. However lack of timber availability requires sourcing from a 100miles radius 
increasing haulage costs. It also facilitated best practice education in managing air quality for 
end users and the small-scale producer employs two tree surgeons based on balanced 
governance because reliable and efficient contractors are hard to come by. Furthermore, the 
producer driven governance allows the small-scale producer to participate in the chain to 
provide additional wood logs. However his woodland resources are limited. Finally, internal 
buyer driven governance demands the production of quality low moisture hardwood 
firewood and also cost effective delivery using volume bags rather than loose load. It also 
 242 
influences awareness campaigns and promotional activities using word of mouth and other 
formal media, which might be expensive.  
Externally, executive and judicial governance from HETAS certifies and monitors firewood 
quality and OFGEM enforces the clean air act’s smoke-free zones based on a legislative 
/judicial governance but it requires a more rigorous audit and enforcement regime.  Further, 
executive governance from Grown in Britain (GIB) and the legislative/executive governance 
from the Forestry commission provide the GIB Chain of custody certification and felling 
licenses/woodland management plans respectively. However there is inadequate sustainable 
and certified timber supply at busy periods and estate membership could prove costly and 
there are only occasional monitoring visits from the Forestry commission Further, legislative/ 
executive governance from the Stove alliance (SIA) helps to improve the standard of stove 
designs and best practice although the level of awareness of the campaign is low and Finally, 
external executive governance from the Forestry Commission provided financial support for 
equipment. However, a bulk bag crane delivery system is still required.  
Finally, the assessment of supply chain resilience revealed the capabilities and vulnerabilities 
of the supply chain that enhance or limit socioeconomic benefits and supply chain 
development. Key capabilities include flexible use of waste resource to derive value that 
provides additional income and creates 11 jobs in the lead firm. Increased visibility derived 
from word of mouth and formal promotional avenue to increase demand and income. 
Flexible use of from the use of estate machinery for improved cost effectiveness. 
Collaboration in end-user best practice education and the use of air quality complaint stoves 
promotes supply chain and sector development as well as sector reputation and compliance 
to GIB certification provides sustainability assurances, recommendations and local business 
connections. Also, Kiln dried wood and HETAS certification both serve as   competitive 
advantage for the specialist producer Also Informal and formal promotions help to maintain 
and improve market share.  
Key recommendations based on the supply chain vulnerabilities include more sponsored 
training to fill skill gaps, need to improve timber availability by engaging more local producers. 
Establish local storage hubs to facilitate cost effective delivery. Also consider the use of soft 
wood in addition to hard wood to enhance timber availability and there is need to speed up 
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the transition to use bulk volume bags to meet customer preferences. Finally ensure 
certifications are worth the time and money and if they are actually required by customers. 
The next chapter compares the three case study results. 
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Chapter 10: Comparative Analysis of Sector and Supply Chain 
results  
10.1 Introduction and Outline  
The aim of this research was to determine the factors and strategies for the growth and 
resilience of the UK wood fuel sector. To achieve this, the RELISC framework has been 
developed and applied to meet the overall research objective, which is to holistically engage 
with a wide range of under-explored but important factors in order to determine their 
relationships and impact on the socioeconomic aspects of the system, supply chain 
development and sector growth as well as it resilience to risks and change given its emerging 
nature. These factors include, supply chain structure, internal and institutional governance, 
organisational processes, actor decisions, capital resource availability and limitations as well 
as supply chain resilience capabilities and vulnerabilities. So far, the last three chapters (6-9) 
have been concerned with presenting the results of applying the RELISC framework at the 
sector and the supply chain level using case studies. The purpose of this chapter is to 
synthesise and compare the results derived from the empirical case study chapters. Firstly, 
the value chain mapping results are compared highlighting differences and similarities in the 
supply chain structure, the type of organisations, governance patterns and actor 
decisions/perceptions. Further, the impacts of each internal and external governance pattern 
were explored by indicating their common and unique implications across the supply chain. 
Subsequently the impact of the five capital analysis on the internal governance and vice versa 
were highlighted and limiting factors that impact on institutional governance were identified 
as well as the sector-wide vulnerability context. Further the supply chain resilience 
capabilities and vulnerabilities were compared, highlighting common and unique attributes 
across the chains and finally the factors and strategies for supply chain and sector resilience 
are presented.   
10.2  Comparative Analysis of Value Chain Mapping: Supply Chain Structure and 
Internal Governance 
The comparative analysis of the value chain mapping results will compare supply chain 
structure and the internal governance patterns across the three case studies. It will also 
explore the influence of different drivers; actor decisions, perceptions and attitudes toward 
risks and uncertainty as well as the impact of local conditions on the initial establishment of 
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the chains.  
10.2.1 Supply Chain Structure and Internal Governance Patterns 
This section first begins with the supply chain structure. The supply chain structure, including 
the description of the lead firm, the spatial distribution of supply chain activities as well as 
the types of actors and enterprises in the different supply chain case studies are outlined in 
Table 30. As stated earlier, the supply chain structures of the system have been identified in 
literature as under–explored but important factors. For instance Lloyd and Dey, (2014) 
indicated that there is a lack of understanding of bioenergy supply chain configuration and 
very limited studies that have defined bioenergy organisations.  Given the gaps identified in 
literature the following will compare the supply chain structure of three typical wood fuel 
supply chains derived from the application of the RELISC framework.as shown in Table 30. 
Table 30 - Supply Chain Actors and Types of Enterprises in the Chain 
Supply chain  Wood pellet  Wood chip   Wood log  
Lead firm 
description 
and 
production 
scales  
Large-scale pellet 
manufacturing plant 
and trading 
company, 
 
-90,000 tonnes of 
pellets 
Wood-fuel 
production/supply and 
bioenergy consulting  
 
-40,000 tonnes of chip 
Log production 
and supply 
enterprise  
-900m3-1000m3 
logs with 400m3 
for own use  
Structure 
and spatial 
distribution  
One pellet 
manufacturing plant 
with distribution and 
trading centres 
(hubs) around the UK  
 
-Linked to parent 
company (bioenergy 
consulting company) 
 
A number of production 
hubs and distributed to 
local end-users across 
the region  
 
-One administrative and 
bioenergy consulting 
head office  
Part of a sawmill 
in a woodland 
estate, where logs 
are produced, 
traded and 
distributed and 
delivered to local 
end-users. 
 
-Linked to sawmill 
and woodland 
estate 
Lead firm 
and major 
organisations 
employees  
-71employed in the 
supply chain in total 
 
40 employees in the 
lead firm (pellet 
plant)  
 
-Major pellet 
distributor 
31employees 
-80 employed in the 
supply chain in total.    
10 permanent full time 
staff in the lead firm 
head office.  
-Major chipping 
contactor: 5 employees 
-23 employed in 
the supply chain 
in total  
 
1 small scale 
producer-2 tree 
surgeons on 
contract 
1 -specialist 
producer- 10 
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-250 construction 
workers during 
establishment 
permanent 
employees 
Supply chain 
Actors and 
enterprises  
-Timber suppliers: 
(sawmill, tree 
surgeons, woodland 
owners and FC 
auctions 
- 10 pellet distributor 
(I main distributor) 
-2 sawmills on 
contract  
-2 main timber 
hauliers  
-Timber suppliers:( 
>10woodland owners, 6 
harvesting contractors, 2 
-3 land agents, energy 
crop supplier  
-4 local chipping 
contractors across the 
hubs 
->10 timber and chip 
hauliers  
-Small scale 
producer  
-Specialist 
producer  
 
Both supply 30% 
of wood log 
enterprise 
demand, 
distributed from 
the woodland 
estate  
Customers  Mostly commercial 
properties and 
domestic houses 
Schools, leisure centres, 
estate homes, care 
homes and a major 
airport customer (80% of 
production) 
Mostly domestic 
houses  
From Table 30 the following are key observations: 
The supply chains have different scales of production and different patterns of spatial 
distribution. From Table 30 it can be seen that, the wood pellet has the largest scale of 
production with one pellet manufacturing plant with distribution centres, for the wood chip 
it is medium scale production with a number of production hubs and the wood log; is small 
scale production with production, trade and distribution done in one site. The patterns of 
spatial distribution are similar in the wood pellet and the wood chip supply chain given that 
the both have hubs or centres apart from the main site. However there are differences, in the 
wood pellet supply chain, all pellet production is done on one site and then distributed in 
different centres across the UK within a 200 mile radius. For the wood chip supply chain, wood 
chip production and processing is done in a number of hubs with a region and distributed 
mostly within a 20mile radius with only the airport customer requiring a 100mile radius. In 
the wood log supply chain, there are no separate hubs. Log production, trade (with its small 
scale and specialist producer) and distribution are done the site within the woodland. Thus 
the wood pellet plant is at operates and has an impact at the national scale, the woodchip at 
the regional scale and the wood log at the local scale.   
The difference in the scale of production and spatial distribution also has an impact on the 
level of socioeconomic benefit, particularly in the number of jobs created. For example the 
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wood pellet supply chain has the largest number of jobs; with 71 jobs during operations and 
250 skilled contract jobs during its construction. In the wood chip supply chain, 81 jobs are 
created and in the wood log supply chain only 23 jobs. It is also observed that the wood chip 
has the largest number of operational and permanent jobs per unit of production. This may 
be because production is done at different hubs within a region, thus all each hub has the full 
suite of actors required for production as opposed to distribution only centres like the wood 
pellet chain. Further, it is observed that all the supply chains are linked with a parent, head 
office or host company as in the wood pellet, wood chip and wood log chains respectively. 
The impacts of this links are discussed in the next section in relation to internal governance 
patterns Also, the timber suppliers in both the wood pellet and wood chip supply chains are 
similar with key differences like the sawmill and FC auction in the wood pellet supply chain 
and the energy crop supplier in the wood chip these are also discussed in relation to the action 
spaces later this chapter. Furthermore, both the wood pellet and the woodchip have a mix of 
commercial and domestic customers and the wood log chain serves only domestic customers.  
 Given that bioenergy systems depend on both physical linkages between processes as well 
as information flows and behavioural responses among sector actors Cruz Jr. et al. (2009). 
The following Table 31 describes the supply chain /actors and their governance patterns in 
order to draw out some insights on the structure of wood fuel supply chains and the type of 
internal relationships and governance patterns across the different UK wood-fuel supply 
chains.  
Table 31 - Supply Chain Actors/ Firm and Governance Patterns 
Governance 
patterns  
Wood pellet 
Actors/ firms  
Wood chip  
Actors/firms 
Wood log 
Actors/firms 
Hierarchy  -Parent company  
 
-Lead firm management 
to employees  
-Lead firm management 
to employees 
-Woodland estate 
management (host 
company 
 
-Lead firm 
management to 
employees 
Balanced  -Sawmill and other 
timber suppliers on 
contract   
 
-Pellet distributors  
 
-A range of timber 
suppliers (wood land 
estates, land agents, 
harvesting contractors   
and energy crop 
suppliers) 
-Specialist producer  
 -Small scale 
producer 
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-Timber hauliers  
Buyer- 
driven 
Customers to all supply 
chain actors 
Customers to all supply 
chain actors  
Customers to supply 
chain actors  
Producer -
driven 
Not employed in this 
supply chain 
Chipping contractors  Small scale producer  
Arms length  Timber suppliers on spot 
markets and auctions  
Timber hauliers  Not employed in this 
supply chain 
 
The following are key observations concerning the supply chain structure and governance 
patterns in Table 31.  
The lead firms in all the supply chain start as offshoots or are subsidiaries of existing 
companies:  
As observed earlier in this section, the wood pellet manufacturing facility and the firewood 
log firm are subsidiaries of parent companies, hence the parent company exhibit hierarchical 
governance over the lead firm in addition to the hierarchical governance that comes from 
their respective lead firm management. On the other hand, the wood chip firm starts of as an 
offshoot but is currently operating on its own. It only exhibits hierarchy governance in relation 
to its management  
The tendency of wood fuel supply chain activities to be intertwined and diffused with the 
activities of other related industries has been noted to be a disadvantage for quantitative 
assessment of its socioeconomic impact, because of the difficulty in determining its actual 
contributions (Van ejick et al. 2012). However, the results from the RELISC framework 
indicates the following key advantages of this trend for socioeconomic and sector 
development: 
• The parent company helped to provide the resources for the start-up and operations 
of the lead firm. For example, private loans from founding partners to start off the 
wood chipping firm, human resources to source for significant private equity fund, 
incentives and grants for the wood pellet manufacturing firm, infrastructural and 
waste raw materials from the saw mill and the woodland estate for the wood log 
enterprise. Socioeconomic benefits derived such as financial resources and human 
skills enhance and facilitate supply chain establishment and operations. 
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• Given the emerging and uncertain nature of the wood fuel sector, the existence of 
parent companies or an already established company allows actors to take the risk of 
setting up a wood fuel subsidiary because they have other alternatives if the wood 
fuel supply chain fails. Thus it encourages the start off of wood fuel supply chains and 
hence sector growth.  
 
All the lead firms are dependent on different supply chain firms based on different 
governance patterns as outlined below:  
The wood pellet lead firm is in an important balanced relationship with a major pellet 
distributor that has a number of hubs around the country as well as key infrastructural 
resources.  
The wood log firm is dependent on the small-scale producer and the specialist producer to 
meet end-user demand based on producer-driven and balanced governance respectively   
The wood chip lead firm is highly dependent on the airport customer based on a buyer driven 
governance pattern and in the other way round the chipping contractor is dependent on the 
wood chip lead firm based on a producer–driven governance pattern. The following highlights 
the implications of these supply chain structures:   
At first, dependence on a particular organisation could be a disadvantage for supply chain 
resilience because of the risk to the businesses if relationships fail. However provided 
relationships are maintained, there are supply chain and sector development benefits that 
these key alliances bring. 
 For instance given the disperse nature of pellet demand and the emerging nature of the 
sector as indicated in the pellet case study, the relationship between the wood pellet lead 
firm and the major pellet distributor with its many hubs serves as a competitive advantage 
for the lead firm. In a similar way, the relationship between the specialist producer and the 
wood log lead firm allows the wood log lead firm to gain access into the premium kiln dried 
log market acting as a ‘middle man’ and increasing their income.   
For the wood chip company, having the airport with its significant demand (80% of output) in 
the wood chip supply chain, provides opportunities for deriving economies of scale and 
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expansion of supply chain activities. It also helps to increase the profile of the company. 
Moreover, the airport contract for 15 years provides additional reassurances and time to 
further develop and strategise.  
For the wood chip contractor, dependence on the wood chip supply chain may guarantee 
demand for his services and most of his income for a relatively long time because the wood 
chip lead firm has a 15 year contract with the airport. This particular situation shows how the 
governance patterns and alliance between organisations in one part of the supply chain could 
have a positive or negative impact on the socioeconomic benefit and development of other 
firms in the supply chain.  
Governance patterns that require considerable information flows are prevalent in all the 
supply chains: 
Governance patterns such as hierarchy, buyer–driven and balanced patterns are employed in 
all the supply chains and they require considerable information flow to function properly, the 
same goes for the producer driven governance which is only on the wood chip and wood log 
supply chain and absent in the wood pellet supply chain as shown in Table 31. On the other 
hand arms-length associations, which do not require much information exchange are least 
exhibited with the wood log case study having no arms length relationships.   
This shows the importance of information flows for the operations of wood fuel supply chains 
(Cruz Jr et al., 2009; Vilko et l. 2013). For instance, the governance patterns between the wood 
chip lead firm and wood land owners used to be arms length but that has changed over the 
course of time to a more balanced pattern with contracts and significant information 
exchanges to ensure the availability and sustainability of raw materials for the supply chain, 
which is critical for continued supply chain operations and growth. 
It also indicates that the firms in the supply chains are connected to each other, which is 
necessary for supply chain operations because the management and optimisation of the 
different aspects of bioenergy supply chain is said to require tightly interconnected bioenergy 
actors (Suering and Gold, 2011; Yue et al., 2014) and the reliability, ability and coordination 
of supply chains actors are essential for competitive bioenergy chains (Suering and Gold, 
2011).  
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The following section now explores the impact of different drivers, actor decisions, 
perceptions and attitudes toward risks and uncertainty as well as local conditions on the initial 
establishment of the chains. 
10.2.2  Initial Drivers and Impact of Actor Decisions and Attitudes to Risk and Uncertainty.  
Examining the motivating drivers and the impact of actor decisions on the initial   
establishment of the chain is critical because the factors and decisions on the onset determine 
if the wood fuel chain will be established or not and also its resilience in the face of change 
and uncertainty. According to Elghali et al. (2007), the development of the sector is 
dependent on the willingness of investors, developers and suppliers to enter the market, 
based on an assessment of the potential risks and rewards and Vilko et al. (2013), highlighted 
the need to determine the impact of substantive uncertainty (lack of information) and 
procedural uncertainty (lack of competence) in decision making. Finally Buchhloz et al., 
(2009), and Cleary et al. (2015) highlighted the need for broader consideration of local 
conditions such as the availability of nearby fuel resources to reduce cost and local regulatory 
constraints on the decision to establish wood fuel supply chains. Table 32 outlines the drivers 
and actor decision and strategies. 
Table 32 - Drivers and Actor Decisions for Initial Supply Chain Establishment 
Factors   Wood pellet  Wood chip  Wood log 
Initial 
motivating  
Factors 
-Play a part in the UK Low 
carbon future 
 
-Cost effectiveness of pellet 
fuel 
 
-Take advantage of a lack of 
large-scale pellet 
manufacturing at the time. 
Explore business 
diversification 
opportunities in 
renewable energy 
technologies  
Create value from 
significant waste 
resources and 
business 
diversification 
Actor 
strategies in 
face of 
uncertainty 
Initial research and  
Small scale 
experimentation  
Initial research and 
small scale 
experimentation  
Not employed in this 
supply chain here 
Key 
resources 
required to 
start  
Human resources for 
sourcing significant funding 
Expertise and experience in 
premium pellet 
manufacturing  
Local wood fuel 
availability and 
human resources and 
experience in wood 
chipping and biomass 
installations  
Local wood fuel 
availability, 
Innovative ability to 
kiln dry wood for the 
specialist producer 
Different 
types and 
Private Equity, local 
Government grants and 
Founding partners 
provided a loan. 
RDPE and Forestry 
commission grants for 
 252 
levels of 
Financial 
support  
Government CHP 
incentives and joint 
venture funds for the wood 
pellet distributor  
Forestry Commission 
grant for the wood chip 
chipping contractor 
Energy crop scheme for   
wood chip-energy crop 
supplier  
the wood log lead 
firm as well as the 
small-scale producer. 
 
The following discusses the observations from Table 32. 
In all the supply chains, socioeconomic drivers were more dominant than environmental 
drivers in the decision to go into wood fuel production  
In the lead firms and key organisations in all the supply chains, economic opportunities such 
as business diversification and the prospect of deriving value from a waste by product were 
major drivers. Although recycling waste product is also an environmental objective, the focus 
was on economic opportunities and cost effective gains in avoiding waste disposal charges. 
In addition to some of the socioeconomic reasons above, the wood log small-scale producer 
poignantly stated that he also established the business in memory of his mum 
It was only the owners of the wood pellet lead firm who refer to themselves as 
‘environmentalist entrepreneurs’ that explicitly cited an environmental reason; stating that 
they are not after making ‘tonnes of money’ but wish to play a part in the UK low carbon 
future by reducing the pollution caused by the UK energy industry. However, other economic 
reasons were cited such as the cost competiveness of pellet fuel because of its high energy 
density and a desire to take advantage of the lack of large-scale domestic pellet 
manufacturing in the UK at the time.  
The dominance of socioeconomic drivers illustrated above goes to show the importance of 
these factors for the establishment and growth of the supply chain. It is unlikely that the 
actors will go into wood fuel production if it did not offer some kind of social or economic 
benefit. This was observed in   chapter 1 and is in accordance with literature (Madlener and 
Koller, 2007, NNFCC, 2011; DECC, 2012; Domac et al., 2012). In particular, Madlener and 
Koller, (2007) states that Individuals and communities are said to perceive social and 
economic benefit as more important drivers for implementing bioenergy projects than its 
environmental benefits. Interestingly, it is the wood pellet study that indicated a major 
environment reason that also stood to gain the most economically given their high turnover 
of over 20 million pounds. 
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Different strategies were employed by actors in response to the risks and uncertainty in the 
establishment of the wood chip and wood pellet supply chain. This was absent in the wood 
log supply chain.  
At first, the wood pellet lead firm and the wood chip lead firm conducted an initial research, 
which compared wood fuel with other renewable energy sources. Also the woodchip-
woodland owner did some research on wood fuel production out of personal interest before 
committing to it. Secondly, both the wood pellet lead firm and the wood chip lead firm 
employed small-scale experimentation. The wood pellet lead firm experimented with a small-
scale pellet manufacturing plant and the wood chip lead firm started small by using local 
resources. Also, the wood pellet sawmill experimented with a small pellet manufacturing 
plant. Both strategies met with varying levels of success due to the perception of risks and 
the preparedness of the actors to mitigate them as outlined below:  
 
• The small-scale wood pellet plant and the subsequent large-scale wood pellet plant 
were successful because the actors rightly perceived what the risks were and were 
prepared. According to the MD “We were prepared to take our risks for biomass at the 
time, the opportunities were out there and we wanted to take advantage”.    
 
• For the wood chip lead firm, after the initial research the founding partners wrongly 
perceived that since wood fuel technology was mature and well developed in 
Scandinavia, it can be easily be replicated in the UK. They also thought they 
understood the risks involved and did not prepare to mitigate them. As a result they 
came up against many unpleasant surprises at the time; such as the lack of skilled 
personnel for chipping and installation in the UK, the sparse nature of wood chip 
demand and the lack and need for governmental support for renewable heat in the 
UK as opposed to Scandinavian countries. 
 
• In the case of the wood pellet sawmill, they set up a small pellet manufacturing plant 
without the necessary research and resources. Therefore it failed due to lack of 
knowledge of pellet manufacturing, as it was not as straight- forward as they initially 
thought. They also lacked an operating personnel dedicated to pellet manufacturing 
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at the time and did not have adequate information and funds to invest on the 
appropriate type of machine required.  
 
The absence of these strategies in the wood log firm may be because the wood log firm is 
hosted within a wood land estate and within its sawmill, where it uses sawmill infrastructure 
and human resources, thus the level of risk and capital investment is relatively small and may 
not warrant these risk and uncertainty management strategies. However, the examples from 
the wood chip and the wood pellet supply chain shows how actor decisions, perception of 
risks and uncertainty as well as mitigation ability could have an impact on the success or 
failure of wood fuel enterprises, where decisions have to be made under uncertain and risky 
conditions. It also shows the impact of supply chain risks which has been defined as the 
likelihood and impact of unexpected macro and/or micro level events or conditions that 
adversely influence any part of a supply chain leading to operational, tactical, or strategic 
level failures or irregularities (Ho et al., 2015). In this case, the impact of manufacturing risk, 
infrastructural risk, information risk and financial risk (Wang et al., 2014; Ho et al., 2015) were 
highlighted. Further, it also illustrates the impact of substantive uncertainty (lack of 
information) and procedural uncertainty i.e. lack of competence (Vilko et al, 2013) in the 
failure of the small-scale pellet manufacturing unit in the sawmill and hence its impact on the 
development and resilience of wood fuel supply chains.   
Different resources and local conditions played a significant role in the decisions to establish 
each of the wood fuel chains.  The availability of different local resources was a key driver for 
the different supply chains.  
• For instance, the availability of substantial local natural resource was one of the main 
initial drivers for all of the firms in the wood chip and wood log supply chains such the 
wood chip-lead firm, the wood chip-chipping contractor, wood chip-energy crop 
supplier and the wood chip-woodland owner and in the wood log supply chain, the 
wood log–lead firm, the wood log-small scale producer and the wood log-specialist 
producer. This reflects the importance of local supply chains and resources for both 
wood fuel products (chip and logs) given their low density and high volume.  
•  For the wood pellet supply chain, access to the necessary human resource from its 
parent company was important for acquiring significant private equity funding for its 
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establishment, given that large amount of financial finding required. Also 
knowledgeable and experienced personnel are required for the manufacture of 
premium quality pellet. Similarly, in the wood log supply chain, it was the innovative 
ability to kiln dry wood that played a major role in the establishment of the wood log-
specialist producer’s business.  
• For all the supply chains and most of the firms, there was some sort of   private and 
institutional financial funding that significantly contributed to the establishment and 
subsequent expansion of the business or supply chain, as highlighted in Table 32. 
 
The impact of local conditions and available resources has been identified as critical to 
decisions regarding bioenergy chains and the ability to derive socioeconomic benefit. For 
instance, in an MCDA analysis it was noted that certain necessary factors such as local 
conditions, skills and infrastructure need to be considered to deliver the preferred option 
(Buchhloz et al. 2009; Scott et al. 2012). In addition to this, this research has observed that 
the availability of certain resources is more critical than others in the decisions to take part 
or establish the different supply chains. For instance the availability of a local natural resource 
is vital for wood log enterprise. On the other hand, human expertise and experience as well 
as significant financial funding is required for a large scale pellet manufacturing facility 
compared to the other supply chains. 
Macro-Micro Links: Government and regulatory support are critical drivers and barriers to 
supply chain establishment and subsequent expansion in all supply chains Drawing from the 
last point, access to institutional funds is a positive macro-micro influence on the 
establishment of the chains.  Another example is the announcement by the coalition 
Government in 2010, that it will be the “greenest” government ever’ which created a positive 
renewable business environment that influenced the establishment of the wood pellet supply 
chain. On the other hand, a negative macro-micro impact was felt by the wood chip energy 
crop supplier due to the Government decision to remove the energy crop incentive in the 
Renewable Energy Obligation scheme so that power stations were dis-incentivised to favour 
energy crop suppliers.  
The examples above go to show that Government support is critical for the development and 
establishment of these chains, not just in providing financial incentives but also in creating 
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positive and supportive laws and regulations for the industry.  In some cases, it seems to be 
more important than available natural, human or social resources. For example, the energy 
supplier would not expand his business even though he had more than enough natural 
resources because of the negative impact of a change in government regulation. Also, the 
wood pellet Managing Director emphasised the importance of the RHI because of the need 
to maintain a certain demand threshold. He adds that “, continued regulatory and political 
support are critical” (Interview 1). 
Accordingly, a number of firms in these supply chains notably the wood pellet- distributor, 
wood chip-lead firm and the wood log- specialist producer are actively involved in lobbying 
for continued government support. The impact and need for government support for 
emerging industries is widely acknowledged across the literature of the relevant disciplines 
reviewed in this work i.e. socioeconomic assessment, integrated assessment, supply chain 
management and supply chin resilience (Cruz Jr. et al., 2009; Buchholz et al., 2009; Suering 
and Gold, 2011; Lloyd and Dey, 2014; Mafakheri and Genus, 2014; Cleary et al. 2015). In 
particular, Cruz Jr. et al. (2009) state that appropriate governmental or institutional policy or 
market-based interventions are necessary to eliminate instability in nascent bioenergy chains. 
Given the importance of supportive institutional policy and regulation for supply chain actors, 
it is critical that that supply chain actors should have a greater role in the policy development 
process rather than scenario experts as shown in chapter 5. Accordingly, the wood pellet 
distributor in his interview stated that taking policy advice mainly from ivory tower experts 
and non-commercial interest groups rather than people that know how the market works is 
detrimental to the development of the sector (Interview 5). 
In summary, this section first revealed that the supply chains operate at different scales and 
spatial distribution at the national, (wood pellet) regional (wood chip) and local (wood log) 
that also affects the number and type of jobs created. Further a common type of supply chain 
configuration in the sector in which lead firms start as off-shoots or are subsidiaries of existing 
companies was discussed, highlighting its advantage in securing support and resources from 
a parent company for its establishment as well as using the parent company as a fall back 
option in case of failure, thus encouraging risk taking. It also showed that ‘all the lead firms 
have key firms within the supply chain that they are dependent based on different 
governance patterns’, highlighting the disadvantage of this dependency in case relationships 
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fail but indicating that mutual benefits in terms of access to resources, links with customers 
and supply chain expansion that can be derived. Further another feature is that ‘governance 
patterns that require considerable information flows’ are prevalent in all the supply chains’ 
indicating the importance of information and actor interconnection in the operation of wood 
fuel supply chains.  
Furthermore, initial drivers and impact of actor decisions and attitudes to risk and uncertainty 
in the establishment of the chains were explored indicating that socioeconomic drivers were 
dominant. Also, it was revealed that different strategies were employed by the actors in 
response to the risks and uncertainty posed by establishing new wood fuel supply chains with 
varying levels of success depending on their perception of the risks and level of preparedness 
as well as lack of information, resources and competence. In addition, available resources and 
local conditions played a significant role in the decisions to establishment the wood fuel 
chains as well government regulatory support which was seen as critical for supply chain 
establishment and expansion.  
Given that the supply chain structure and governance patterns reveal significant 
interdependencies between firms based on governance patterns that require information 
flows, the importance of institutional/ governmental support as well as available resources 
and competences in the establishment and operations of the wood fuel supply chains. The 
following section examines and compares the implication of different internal and 
institutional governance pattern on supply chain processes  
10.3. Implications of internal Governance  
Governance in the supply chain has been referred to as inter–firm relationships (internal 
governance) and institutional mechanisms (external governance) through which coordination 
of activities in the chain takes place, involving monitoring performances, linking the discrete 
activities in the chain and managing relationships between different actors within the chain  
(Kaplinsky and Morris, 2001; Humphrey and Schmitz 2001). The case study chapters (7-9) 
have outlined the impact of the internal governance pattern on the different processes within 
each case study supply chain. The results are synthesised and compared here by exploring 
the governance patterns in turn, indicating their frequency overall and in each supply chain 
and then outlining its implications on the different action spaces, highlighting its common and 
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unique implications across the supply chains and their impact on socioeconomic benefits and 
supply chain development.  The internal governance patterns include the hierarchal, 
balanced, buyer driven producer driven and arms-length governance patterns.  
10.3.1 The Balanced Governance Pattern  
The balanced governance pattern refers to collaboration or partnerships between two firms, 
which may be based on contractual agreement. It also involves intense information flows with 
mutual agreement of terms and benefits, with both sides having capabilities that are hard to 
substitute (Humphrey and Schmitz 2001; Kaplinsky and Morris, 2001).  
Key actors involved in this governance patterns are the lead firms and different types of 
timber suppliers. In the wood log supply chain in particular, timber suppliers are the specialist 
producer and the small-scale producer. In the wood pellet supply chain it is between the lead 
firm and pellet distributors, especially the major pellet distributor and in the wood log chains 
it is between the small-scale producer and tree surgeons on contract.   
Table 33 indicates the frequency of the balanced governance pattern in each supply chain 
and the common (2 or more supply chains) and unique (I supply chain) implications of the 
balanced governance pattern on action spaces across the supply chains. The action spaces 
are indicated in abbreviation in the Table as follows Sustainable management of resource and 
environment (SRE), People, Quality and Networks (PQN), Cost effectiveness Finance 
Infrastructure (CFI). 
Table 33- Frequency and Common or Unique Implication of the Balanced Governance  
Common and 
Unique 
Implication of 
Balanced 
governance 
pattern (Action 
spaces) 
Wood pellet  
Frequency (5) 
  
Woodchip  
Frequency (3) 
Wood log 
Frequency (3) 
Common 
Implication  
Ensuring timber 
supply availability 
(SRE)  
 5 year fixed price 
contract to ensure 
availability 
18-2 year timber 
availability 
partnership, paying 
premium price  
Partnership to ensure 
availability of logs and 
access to the premium 
kiln dried market 
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Common 
Implication 
Facilitated 
compliance to 
different 
environmental 
legislations (RHI 
and air quality 
standards) (SRE). 
Partnership between 
lead firm and timber 
suppliers for 
compliance to the RHI 
sustainability criteria. 
 
Partnership 
between lead firm 
and timber 
suppliers for 
compliance to the 
RHI sustainability 
criteria. 
Partnership in educating 
customers on benefits 
of low moisture content 
and the use of modern 
wood burning stoves. 
 
Common 
Implication  
Provide a cost 
effective avenue 
for sourcing 
feedstock (CFI) 
Partnership 
agreement between   
lead firm and timber 
suppliers for a five-
year fixed price and 
timber availability 
Partnership 
ensures timber 
supply rather than 
spot purchases 
which may more 
expensive 
 
Unique 
implications 
 
 
Partnership provides 
essential and unique 
training opportunities 
(PQN)  
 
Partnership facilitates 
rigorous quality 
control to ensure 
premium product 
quality (PQN) 
 
 
 
 
 
 
 
Fixed contract with tree 
surgeons to ensure 
reliability and the 
maintenance of skilled 
personnel for cost 
effective and efficient 
production 
 (PQN) 
 
 
Overall, the balanced governance pattern is the most common pattern in all the supply chains. 
It was applied in 11 processes as shown in Table 33, with the wood pellet supply chain 
employing it in the most (5) processes followed by the wood log supply chain (3) and the 
wood chip (3) where it was least employed. Given that it involves partnerships, contracts and 
intense information flows its significant prevalence in the supply chains has emerged because 
of the need and importance of partnerships and mutual contractual agreement between 
members in the chain.  
As shown in Table 33, the balanced governance is demonstrated the most in the sustainable 
management of resource and environment (SRE) action space in 6 processes, mostly in the 
process of sourcing sustainable resource, where it is applied in all the supply chains to ensure 
timber availability (a crucial factor for supply chain operations), using different methods as 
shown in Table 33. In the wood pellet supply chain, it is employed because of the need to 
ensure a five-year fixed price reflecting the importance of feed stock price to the chain, which 
is about 30-50% of the cost of production. In the wood chip supply chain an agreement 
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ensures at least 18 months timber availability, the need to ensure timber availability is a key 
reason the balanced governance pattern has emerged in this supply chain because previously 
market based governance, which did not guarantee availability was employed. Currently the 
partnership based on balanced governance was obtained at a premium price, which is 
beneficial to the timber suppliers and encourages participation and supply chain 
development. In the wood log supply chain, in addition to ensuring the availability of logs, the 
governance pattern provided access to the premium kiln dried log market increasing the 
income of the lead firm as shown in Table 33.  
Further, it is used in the process of ensuring genuine GHG emissions savings and mainly to 
comply with the RHI requirements in the wood pellet and wood chip supply chains. There is 
no RHI requirement in the wood log supply chain. Instead the balanced governance is 
employed in the chain for mitigating air quality pollution at the user end (a major 
environmental impact from the use of wood logs) through an active collaboration between 
supply chain actors that educates and encourages a change in consumer preferences for 
modern wood burning stoves to improve air quality in the process.  
In the People, Quality and Networks (PQN) action space, the governance pattern is not 
employed in the wood chip supply chain. In the wood pellet and wood log supply chains, it is 
employed based on two important partnerships: In the wood pellet chain, partnership 
between the lead firm and the major wood pellet distributor provided subsidised training 
opportunities for a crucial aspect of the supply chain i.e. pellet handling post production.  The 
partnership was also critical in developing and applying rigorous quality control procedures 
to produce premium quality pellets in which serves as a competitive advantage for the supply 
chain.  In the wood log supply chain, a fixed seasonal contract enabled the small scale 
producer to maintain his tree surgeons for the past 10 years given that reliable and skilled 
tree surgeons are hard to come by especially for the price he was able to offer and time 
efficient production is achieved because of their experience and familiarity with the terrain.  
Finally in the Cost effectiveness Finance Infrastructure (CFI) action space, the governance 
pattern is not employed in the wood log supply chain. In the wood pellet and wood chip 
supply chains, the partnerships agreements between the wood pellet -lead firm and wood 
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chip-lead firm and their suppliers respectively, may prove to be cost effective given the 
current increase in timber prices as a result of higher demand. 
 In sum the balanced governance pattern have been instrumental in addressing different 
needs and its common implication include ensuring timber supply availability in all the three 
supply chains providing access to premium market and premium prices. It has also facilitated 
compliance to different environmental legislations (RHI and air quality standards) necessary 
for continued operations and meeting customer requirements in all the chains. Its unique 
application in the wood pellet supply chain, provided essential training opportunities and 
helped to maintain product quality for competitive advantage. Also in the wood log supply 
chain it uniquely helped to maintain experienced and reliable seasonal staff for efficient 
production as respectively. Finally, in both the wood chip and the wood pellet supply chain it 
provided a cost effective avenue for sourcing feedstock. 
10.3.2  The Hierarchical Governance Pattern  
The hierarchical governance pattern described a hierarchy where firms are vertically 
integrated, so that a firm controls the activities of the subsidiaries within the chain. In this 
work it also describes a relationship or supply chain interactions, which involves a decision 
from the lead firm management to supply chain employees or from head quarters/a parent 
company, which owns the enterprise. Key actors in this governance pattern are the 
parent/host company and the lead firm in the wood pellet and wood log supply chains. The 
wood chip supply chain has no parent company and only uses this governance from the lead 
firm management and directors to its employees.  
Table 34 indicates the frequency of the hierarchical governance pattern in each supply chain 
and the common (2 or more supply chains) and unique (I supply chain) implications of the 
hierarchical governance pattern on action spaces across the supply chains. The action spaces 
are indicated in abbreviation in the Table as follows Sustainable management of resource and 
environment (SRE), People, Quality and Networks (PQN), Cost Effectiveness Finance 
Infrastructure (CFI). 
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Table 34- Frequency and Common or Unique Implication of the Hierarchical Governance 
Patterns  
Common and 
unique 
implications 
(Action spaces) 
Wood pellet  
Frequency (5) 
 
Woodchip  
Frequency (2) 
Wood log 
Frequency (3) 
Common 
Implication  
Facilitate In 
house training 
(PQN) 
 
 
Lead firm 
management offers   
training opportunities 
to employees on 
different technical and 
management 
processes  
Lead firm decision 
to outsource and 
invest less on 
physical capital, in 
order to increase 
financial 
investment in 
human capital  
Lead firm management 
offers in house training 
to employees and 
updates training on all 
machine   procedures. 
Common 
Implication  
Provision of 
financial support  
(CFI) 
 Parent company 
facilitated applications 
for receiving private 
equity funds  
Lead firm Directors 
provided personal 
loans to the lead 
firm to establish 
the business  
Not applicable in wood 
chip  
Common 
Implication  
Cost effective in-
house production 
(CFI) 
All the production 
processes are done 
within the pellet plant 
premises 
Not applicable in 
wood chip 
All production are done 
within the woodland 
estate  
Unique 
implications 
 
 
Lead firm ensures 
proper management 
of the waste feedstock 
for the CHP plant, to 
avoid breakdown and 
excess air emissions 
(SRE) 
 
The parent company 
recommends the lead 
firm as a potential 
pellet supplier, 
through its installation 
business (PQN) 
Not applicable in 
wood chip 
 
 
 
 
Provision of significant 
sustainable wood log 
resource from thinning 
waste at no cost and 
reduced emissions (SRE)  
 
As indicated in Table 34 overall, the hierarchal governance pattern is the second most 
common pattern in all the supply chains, applied in 10 processes. Its high prevalence in the 
supply chains is as a result of the structure of the supply chains and it indicates a tendency 
for wood fuel supply chains to be off shoots or subsidiaries of existing companies and also for 
wood fuel activities to be diffused and intertwined with other related activities in a company 
as discussed above. The hierarchical governance pattern is employed the most in the wood 
 263 
pellet supply chain in (5) processes followed by the wood log supply chain (4) processes and 
the wood chip (2) processes where it was least employed. Its least employment in the wood 
chip supply chain reflects its structure as more of a stand-alone operation with no parent 
company links. 
In the Infrastructure, Finance and Cost effectiveness action space, it is employed by the wood 
pellet and wood log in the process of achieving cost effectiveness in production/ operations 
because all production processes are done within one premise, which facilitates cost effective 
lead firm management. This is unlike the wood chip supply chain where production activities 
are out sourced to the chipping contractors in different production hubs. Also within the Cost 
effectiveness Finance and Infrastructure action space, it provides critical financial support in 
helping to get private equity fund in the wood pellet chain and financial loans in the woodchip 
supply chains. This is not evident in the wood log supply chain. The provision of financial 
support in the wood chip supply chain is one of the critical functions of this governance 
pattern in the wood chip supply chain. The significance of the   hierarchical governance 
pattern in this action space reflects the importance of cost effectiveness and financial support 
to lead firm/parent company management in wood fuel supply chains.  
For the people quality and networks action space, the hierarchical governance pattern 
facilitates in house training for employees in the process of training and maintaining 
experienced employees (TME) in all the supply chains. In particular, in the wood chip supply 
chain, the decision by the wood chip lead firm management to outsource and invest less on 
physical capital, in order to increase financial investment on human capital is an example of 
hierarchal governance pattern that was beneficial to its employees. Also within this action 
space, in the process of creating awareness and network, it helped to bring in business 
through its parent company’s recommendations to potential customers, this is unique to the 
wood pellet supply chain and indicates an effective and beneficial collaboration with its 
parent company.  
In the environmental and sustainable resource action space, it is evident only in the wood 
pellet and wood log supply chain providing access to a local sustainable resource in the wood 
log supply chain for the process and helping in reducing GHG emissions in the process because 
of the locality of majority of its logs resource. In the wood pellet supply chain its effect is felt 
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in the management of the CHP plant to comply with emissions regulation in the air quality 
management process, which is critical   for continued operations.   
In sum the hierarchical governance pattern has been significant in all the three supply chains, 
its common application across the supply chains is in the provision of financial support and 
in-house training of employees.  Its unique applications in the supply chains include CHP 
management and customer recommendations in the wood pellet supply chain. In the wood 
log, its unique effect is in the provision of sustainable natural log resource at no cost.  
10.3.3  The Buyer–Driven Governance Pattern  
The buyer-driven governance pattern is part of the directed network governance patterns, 
which implies that the activities of the supply chains are influenced by the preferences of a 
significant customer(s) or a producer. It functions primarily by influencing supply chain 
decisions, defining product specifications and monitoring performance (Humphrey and 
Schmitz 2001; Kaplinsky and Morris, 2001). This section is concerned with the buyer driven 
governance. The next section looks at the producer drive governance. Table 35 indicates the 
frequency of the buyer driven   governance pattern in each supply chain and the common (2 
or more supply chains) and unique (I supply chain) implications of the buyer driven 
governance pattern on action spaces across the supply chains. The action spaces are indicated 
in abbreviation in the Table as follows Sustainable management of resource and environment 
(SRE), People, Quality and Networks (PQN), Cost effectiveness Finance Infrastructure (CFI). 
Table 35 - Frequency and Common or Unique Implication of the Buyer-Driven  
Common and 
unique 
Implication of 
Buyer-driven 
governance 
pattern (Action 
spaces) 
Wood pellet  
Frequency (3) 
  
Woodchip  
Frequency (2) 
Wood log 
Frequency (4) 
Common 
Implication  
Provide cost 
effective service 
based on end-
user needs  (CFI) 
Using customer’s 
information to meet 
their unique needs 
cost effectively. 
Provide cost 
effective long –
term contracts for 
5, 10, 15 years.  
 
Demand for low 
moisture logs is met by 
using cost effective 
wood waste and solar 
energy to power kiln 
machines 
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Common 
Implication  
Production of 
good quality 
wood fuel to 
meet increasing 
customer 
demand (PQN) 
Increasing demand for 
quality drives rigorous 
quality control for 
premium wood pellet. 
Increasing demand 
for quality ensures 
wood chip quality 
to avoid boiler 
breakdowns.  
Increasing demand for 
good quality drives the 
production of low 
moisture hard wood 
firewood. 
Unique 
implications 
 
 
 
 
The provision of   
ESCO services to 
commercial customers  
(CFI) 
 
 
No unique 
implication in wood 
chip supply chain  
 
 
 
 
 
 
Use of informal (word 
of mouth) and formal 
avenues (local 
newspaper adverts, 
newsletters, local 
media and website) to 
promote its products 
(PQN) 
 
Planned use of bulk 
bag packaging rather 
than loose load 
delivery based on 
customer preferences 
(CFI) 
 
Overall, the buyer-driven governance pattern is the third most common pattern in all the 
supply chains. It was applied in 9 processes as shown in Table 35 with the wood log supply 
chain employing it the most in (5) processes because followed by the wood pellet supply chain 
(4) processes and the wood chip (2) process where it was least employed. Given that it is 
based on customer preferences, it is an important governance pattern given that continued 
customer demand is critical to the establishment and continued operations of the wood fuel 
supply chain. 
In terms of the action spaces, the buyer driven governance pattern is most demonstrated in 
the Infrastructure Finance and Cost effectiveness action space and particularly in the cost 
effectiveness (CE) in delivery and customer service processes in all the supply chains. This is 
expected considering this process is primarily involved in meeting customer demands and 
preferences.  In the wood pellet chain information from customers are used to provide cost 
effective services to meet their particular needs. It also drove the provision of ESCO services, 
based on the requests and needs of its commercial clients. This is interesting because in the 
wood chip supply chains, wood chip customers were wary of ESCO contracts, instead they 
requested for long term 5 to 15 year contracts, which are cost effective to the customer 
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because of special discounts due to the long term contracts and it guarantees long term 
demand and custom for the wood chip supply chain.  For the wood log supply chain, the 
decision to sell and deliver logs in bulk bags rather than loose delivery in trailers and vans is 
driven by customer preference. Also the demand for low moisture kiln dried logs facilitated 
the kiln dried innovation which is cost effectively powered by waste logs and solar power in 
wood log- specialist producer firm. 
For the People, Quality and Networks action space, customer demand for premium quality 
wood pellet drives the lead firm and supply chain to ensure quality using stringent quality 
control procedures in the Ensuring Wood Fuel Quality process. Similarly in the wood log 
supply chain, demand for low moisture good quality firewood drives the production of quality 
firewood and kiln dried wood. In addition, the wood log specialist producer only supplies 
hardwood because of consumer preferences, which also drives the use local newspaper 
adverts, newsletters, local media and website to promote its products in the creating 
awareness and network process. 
In sum, the buyer driven governance pattern has emerged because of the need to meet 
customer’s requests and needs. It has been particularly useful in providing cost effective 
services to the customers in all the supply chains, through ESCOs, long-term contracts and 
better delivery services. These cost effective services are beneficial for the customers and 
supply chain given that maintaining and improving customer demand is critical for wood fuel 
supply chains. Further, it proved to be a driver for producing quality wood fuel products in all 
the supply chains and efforts to increase customer demand leads to advertising and 
awareness activities in the wood log supply chain.  
10.3.4 The Producer–Driven Governance Pattern  
The producer-driven governance pattern is part of the directed network governance patterns, 
which implies that the activities of the supply chains are influenced by the preferences of a 
significant customer(s) or a producer. It functions primarily by influencing supply chain 
decisions, defining product specifications and monitoring performance (Humphrey and 
Schmitz 2001; Kaplinsky and Morris, 2001). This section is now concerned with the producer- 
driven governance.  
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Table 36 indicates the frequency of the producer driven governance pattern in each supply 
chain and the common (2 or more supply chains) and unique (I supply chain) implications of 
the producer- driven governance pattern on action spaces across the supply chains. The 
action spaces are indicated in abbreviation in the Table 36 as follows Sustainable 
management of resource and environment (SRE), People, Quality and Networks (PQN), Cost 
effectiveness Finance Infrastructure (CFI). 
Table 36 - Frequency and Common Or Unique Implication of the Producer-Driven 
Governance Patterns in the Action Spaces and Across the Supply Chains 
Common and 
unique 
Implications  
(Action spaces) 
Wood pellet  
Frequency (0) 
  
Woodchip  
Frequency (3) 
Wood log 
Frequency (2) 
Common 
Implication  
Facilitates 
compliance to 
sustainability 
criteria, 
emissions and air 
quality standards 
(SRE) 
 Producer driven 
governance not 
featured in the wood 
pellet chain. 
Lead firm to 
chipping 
contractors insists 
on registration to 
the Biomass 
Suppliers List to 
show RHI 
compliance  
The lead firm specifies 
to the small-scale 
producer on operation 
practices to ensure 
quality as well as GHG 
emissions savings and 
to avoid air pollution 
Common 
Implication  
Facilitates 
accreditation to 
wood quality 
standards (PQN) 
 
 Wood chip lead 
firm insists on 
wood sure 
accredited chipping 
contractors to 
produce quality 
chip 
The wood log lead firm 
specifies to the small-
scale producer on 
operation practices to 
ensure quality. 
Unique 
implications 
 
 
 
Lead firm provides 
facilities for the 
chipping 
contractors for cost 
effective 
production (CFI) 
 Not applicable to the 
wood log 
 
 
 
 
 
Overall, the producer- driven governance pattern is the fourth most common pattern. As 
shown in Table 36 it is absent in the wood pellet supply chain and mostly used in the woodchip 
supply chain, where it is applied in 3 processes followed by the wood log supply chain in 2 
processes. The producer driven governance pattern is exhibited because of the supply chain 
structure of both the wood chip and the wood log supply chains, where a particular firm or 
entity relies on the custom of the lead firm for over 60% of output and also specifies product 
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quality. In wood chip supply chain, chipping contractors are reliant on the lead firm, and in 
the wood log supply chain, the small-scale producer is reliant in the wood log lead firm.  This 
type of governance provides opportunities for small-scale firms to participate in and benefit 
from supply chain activities.  It is also more relevant to the wood chip and wood log supply 
chains because they operate at the regional and local level in contrast to the wood pellet 
supply chain that operates nationally.   
In terms of the action spaces, the producer driven governance pattern is employed the most 
in Environmental Sustainable Resource management action space and it is applicable for all 
its processes and it features in both supply chains. In the wood chip supply chain it is evident 
when the wood chip lead firm insists on using only chipping contractors in the Biomass 
supplier list in compliance with the RHI sustainability requirements which covers all three 
processes in this action space. It also employed by the wood log lead firm in the Ensuring 
genuine GHG savings and Air Quality Management processes, to specify appropriate 
operational practices to the small-scale producer. 
Similarly in the People, Quality and Networks action space, it is used by both the wood log 
lead firm and the wood chip lead firm to ensure wood chip and wood log quality respectively 
and in the Infrastructure Finance and Cost effectiveness action space it is only employed by 
the wood chip-lead firm as it provides processing facilities for a chipping contractor for cost 
effective production. 
In sum, the producer-driven governance is only employed in the wood chip and wood log 
supply chain and absent in the wood pellet supply chain. It provides opportunity for small-
scale contractors to participate and benefit from the chain, if they comply with directives from 
the lead firm. Directives such as compliance to the RHI and Wood sure accreditations in the 
wood chip supply chain and environmental and wood log quality specifications from the wood 
log lead firm. 
10.3.5 The Arm’s-length or Market based Governance Pattern  
The Arm’s-length governance pattern is used to describe interactions between the buyers and 
suppliers that are ‘arm’s-length’ and are dictated by the market. Thus in reality, governance 
is not exhibited. It usually involves situations where there are many customers/suppliers to 
choose from with no contracts, assistance or specifications. (Humphrey and Schmitz 2001; 
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Kaplinsky and Morris, 2001). The arm’s length governance pattern is only exhibited in the 
wood pellet supply chain in the process of sourcing for sustainable resource in the 
environmental resource management action space. It provides an alternative and flexible 
avenue through auctions and spot markets to source for sustainable resource, which could 
be cheaper than the fixed price obtained with the contracts. Given the impact of feedstock 
prices on cost of production in the wood pellet supply chain it is applicable to the cost 
effective process also. 
Finally, the comparative analysis of the implication of internal governance patterns on the 
three case study wood fuel supply chains in this section has been able to provide more light 
on how different actors govern each other and how each governance pattern impact on 
different processes in the supply chains, which are necessary for continued operations and 
supply chain development. The analysis also indicated how the employment of the 
governance patterns has facilitated access to a range of socioeconomic benefits for actors. 
However, the effectiveness of each governance pattern varies in different supply chains and 
it depends on a number of factors, particularly the availability and limitations of the five 
capitals. The following section briefly examines how these factors can inhibit or facilitate the 
governance patterns in each action space across the three supply chains. On the other hand 
it also highlights how the governance patterns have impacted on capital resources in the 
supply chains.  
10.4  The Impact of the Five Capital Resources on Internal Governance  
The comparative analysis of five capital assessment results is presented in two ways (a) it 
highlights the impact of available and limited capital resource on the governance patterns in 
each action space across the supply chains.  
(b) It outlines the impact of the governance pattern on the availability or limitation of capital 
resources.   
The five capital resources include Natural capital; in this case it refers to available wood land 
resources, Human capital such as expertise, knowledge and skill; social capital such as 
networks and relationships; Physical capital i.e. machinery and infrastructure and Financial 
capital refers to access to funding and cost effective operations. Table 37 and Table 38 present 
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key examples by which capital resources affect governance patterns and conversely 
governance affects capital resources respectively.  
Firstly, Table 37 presents key examples of the impact of available and limited capital resource 
on the governance patterns in each action space across the supply chains. The governance 
patterns are indicated as follows Hierarchical (H), Balanced (B), Buyer driven (Bu), Producer 
driven (P), and Arm’s length (A). The action spaces are designated as usual in this document 
with ‘SRE’  ‘PQN’, ‘CFI’. 
Table 37 - Key Examples of Common and Unique Impact of Available and Limited Capital 
Resource  
Impact of available 
or limited capital on 
governance  
Wood pellet  Wood chip  Wood log  
Common impacts 
Available human 
capital 
  
Commercial manager 
in the parent firm 
facilitated the 
process to obtain 
private equity funds 
based on an 
hierarchical 
governance (H)(CFI) 
Lead firm human 
expertise and 
knowledge help the 
balanced partnership 
with   timber 
suppliers to ensure 
sustainable timber 
supply (B)(SRE) 
Experienced staff 
from the estate 
sawmill facilitates in 
house hierarchal 
training to wood log 
lead firm employees 
(H)(PQN) 
Available natural 
capital  
Not applicable  The availability of 
local resources helps 
the chipping to 
comply with the 
producer driven 
governance which 
insist on sustainable 
sourcing (P)(SRE) 
For the small scale 
producer, the use of 
his own woodland 
facilitates his 
compliance to GHG 
emissions based on 
producer driven 
governance  (P)(SRE) 
Unique positive 
Impacts  
Available   
Physical capital  
All processes done 
within the pellet 
manufacturing plant 
facilities enhances 
cost effective 
internal hierarchal 
management of the 
plant and employees 
(H)(CFI) 
The use of wood fuel 
hubs facilities by 
chipping contractors 
enhances producer 
driven cost effective 
operations (P)(CFI) 
Availability and use 
of the use of part 
funded log processor 
wood log from the 
estate facilitate its 
hierarchal 
governance (H)(SRE) 
Unique limiting 
Impacts  
Limited   human 
capital  
 
Limited financial 
capital  
Difficulty in replacing 
an experienced 
wood fibre 
procurement officer 
limits fixed price five 
year contracts (B), 
(SRE) 
Financial constraints 
limit sponsorship of 
technical employees 
for apprentice 
opportunities in 
Europe based on a 
hierarchal decision 
Not applicable 
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Secondly, Table 38 presents key examples of effective or limited governance patterns on 
capital resources in each action space across the supply chains. The governance patterns are 
indicated as follows Hierarchical (H), Balanced (B), Buyer driven (Bu), Producer driven (P), and 
Arm’s length (A). The action spaces are designated as usual in this document with ‘SRE’  ‘PQN’, 
‘CFI’. 
Table 38 - Key Examples of Common and Unique impact of Effective and Limited 
Governance Patterns on Capital Resources  
Positive Impact of 
governance patterns 
on capital (Capital) 
(Action space) 
 
Wood pellet  Wood chip  Wood log  
Balanced  
 
 
Five year fixed price 
contracts with 
timber supplies 
provide fixed prices 
and timber supply 
guarantee (Natural 
and Financial)  
(SRE, CFI) 
Partnership with 
timber suppliers 
guaranteed long 
term timber supply  
(Natural) (SRE) 
 
 
Fair and effective 
contracts maintains 
reliable and efficient 
tree surgeons for 10 
years (Natural)(SRE) 
Hierarchical  
 
 
Effective internal 
hierarchal ensures 
the CHP Plant has a 
good CHPQA 
certificate (Physical) 
(SRE) 
Decision to Invest in 
human capital 
produced  
experienced and 
qualified biomass 
heat contractors and 
installers  
(Human) (PQN) 
The use of thinning 
waste from estate 
provides resources 
for log production 
(Natural) (SRE) 
to invest in human 
resource (H)(PQN) 
Limited physical 
capital  
 
 
Lack of adequate 
storage facilities at 
some end user 
premises and limited 
depot in the UK 
limits buyer driven 
cost effective 
delivery (Bu)(CFI) 
Not applicable Lack of bulk bag 
delivery system 
limits compliance to   
buyer driven 
governance from 
end-users based on 
their preference for 
volume bags 
(Bu)(CFI) 
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Buyer driven 
Increasing demand 
(buyer driven)  
 
 
 
 
 
Increasing buyer-
driven demand 
drives premium 
quality wood pellet 
and certification 
resulting in increased 
income  (Financial) 
(PQN)(CFI) 
The (buyer driven) 
cost effective long –
term contracts 
provided guaranteed 
income (Financial) 
(CFI) 
 
Increasing demand 
from customers) led 
to the planned use of 
bulk bag packaging 
for improved service 
and income. 
(Financial)(CFI) 
Unique positive and 
negative impacts  
(Capital) 
(Action space) 
 
 
Positive: Market 
governance 
facilitates access to 
cheap timber 
(Natural) (SRE) 
Positive: Producer 
driven for 
contractors 
facilitates cost 
effective use of hub 
facilities (Physical) 
(CFI) 
Negative: Ineffective 
balanced governance 
with timber suppliers 
lead to limited 
timber supply 
(Natural) (SRE) 
 
The information from Tables 37 and Table 38 helps to highlight the various ways by which 
capital availability and limitation can have an impact on the governance of a supply chain and 
the positive and limiting impact of governance pattern on capital resources. Thus suggesting 
an interdependent relationship between these factors. It also indicates several ways by which 
the five capital resources are important. For instance, in harnessing actor benefits from 
internal governance relationships, e.g. financial constraints limited the decision to train wood 
chip supply chain employees as apprentices in Europe, leading to a loss of opportunity for the 
employees. Secondly, it can also help to determine areas where a governance pattern or 
relationship are failing, for example lack of timber resources at busy times in the wood log 
supply chain indicates a malfunctioning balanced relationship with timber suppliers.   
Finally, it is observed that although a governance pattern can provide a capital resource for 
supply chain actors, a lack of another type of resource may limit the benefit that can be 
derived. For instance, human expertise and knowledge on woodland management was 
provided to timber suppliers based on a balanced governance relationship. However, some 
timber harvesters require adaptable machinery for hard to reach terrains. Thus, without the 
required machinery they cannot put the knowledge to work. Another example is that 
experienced staff from the estate sawmill facilitates in house training (hierarchal governance) 
to employees. Although, the lead firm finds it difficult to replace and maintain some skilled 
manual chain saw operators over time.  
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On the other hand, additional capital resource facilitates governance. For example: The 
(buyer driven) cost effective long –term contracts required by customers has provided 
guaranteed and discounted prices. Also a remote sensing facility to gauge customer supplies 
has facilitated cost effective delivery. 
The illustrated importance of capital resources on the effectiveness of governance patterns 
as shown in this section indicates a need to understand and evaluate the management of 
supply chain resources  (Scot et al. 2012) based on a systems perspective that engages with 
supply chain wide relational governance amongst actors  (McComick and Kåberger,2007; Gold 
et al. 2010). Further it has been noted that the inter-dependencies go beyond actors involved 
in the supply chain to other relevant stakeholders such as regulatory authorities, local 
communities and the public in general (Buchholz et al., 2009; Suering and Gold, 2011; Lloyd 
and Dey, 2014; Mafakheri and Genus, 2014). In addition, Mafakheri and Genus, (2014) 
highlighted the general lack of institutional research for UK bioenergy. Also, given the 
importance of institutional and   governmental support to the development of the supply 
chains, the following section 10.5 compares and examines the implication of the different 
institutional governance on the action spaces and processes across the supply chains. 
10.5 Institutional (External Governance) 
This section highlights and compares the implication of each external governance patterns in 
turn, indicating the different external institutions exerting each governance pattern across 
the action spaces in each supply chain. The action spaces are specified in abbreviation as 
follows: Sustainable management of Resource and Environment (SRE), People, Quality and 
Networks (PQN), Cost effectiveness Finance Infrastructure (CFI). 
10.5.1 Legislative/Executive 
Overall, the legislative/executive governance pattern is the most common external 
governance pattern employed in all the supply chains. It is applied in 12 processes, mostly in 
the wood pellet supply chain in (6) processes, followed by   the wood chip in (4) processes 
and then wood log supply chain uses it in (2) processes as shown in Table 39. 
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Table 39 - Frequency and Implications of the Legislative/Executive Governance of External 
Institutions 
Legislative 
/Executive 
Governance 
Implications  
Wood pellet (6) Wood chip (5) Wood log (2) 
Ensuring a 
sustainable natural 
resource 
Forestry 
Commission (SRE) 
 
OFGEM under 
RHI (SRE)  
Forestry 
Commission (SRE)  
 
OFGEM under 
RHI (SRE) 
Forestry 
Commission 
(SRE) 
 
Air quality 
management 
Local authority 
(SRE) 
 The stove 
alliance (SRE) 
Creating awareness  Local authority 
(PQN) 
 
Infrastructural 
development 
Local authority  
(CFI) 
Local authority 
(CFI) 
 
 
The high level of prevalence of the legislative / executive governance pattern indicates a 
balance between the need to set regulatory standards and limits and then provide guidelines 
and assistance on how to meet them. It provides a supportive regulatory environment, which 
is particularly useful for actors in an emerging sector given that most of these requirements 
are relatively new standards.  
Across the action spaces, it is mostly employed in the sustainable management of resource 
and environment (SRE). In 7 processes, most of which are in the process of ‘sourcing for 
sustainable resource’. This is significant considering the critical need to ensure the 
sustainability of natural resource. In all the supply chains, the Forestry Commission employs 
this governance pattern in administering felling licenses and the UK forestry standard. The 
other significant organisation in this action space is the OFGEM under the RHI, which 
stipulates the land criteria and provides guidelines and several sustainable alternatives on 
how to meet it in the wood pellet and wood chip supply chains. The RHI has proven to be an 
important scheme not only to facilitate deployment levels but also to ensure the sustainability 
of UK wood fuel supply chains. However, it is observed that the RHI requirements for the 
sustainable sourcing and GHG emissions processes are relevant only for the wood pellet and 
chip supply chains given that wood logs are not under the RHI. This indicates a loophole in 
the external governance of both processes within the wood log sub sector. Finally for this 
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action space it is employed in the process of ‘air quality management’ (AQM) by the Stove 
Alliance in wood log supply chain and local authorities in the wood pellet supply chain during 
planning applications.  
In the People, Quality and Networks, the legislative/executive governance pattern features 
only once in the wood chip supply chain in the process of ‘creating awareness and networks’ 
(CAN), where the local authority provides supportive legislation such as a default to biomass 
heating for any new development in the locality. The local authority also employs this   
governance pattern in the Infrastructure Finance and Cost effectiveness action space in the 
process of ‘Infrastructural development (ID) during planning applications for a wood fuel hub 
in the wood chip supply chain and the wood pellet manufacturing facility in the wood pellet 
supply chain.  
In sum the legislative/executive governance pattern has been very important in ensuring a 
sustainable natural resource, which critical for sector development in all the supply chains. It 
has also been useful in air quality management in the environmental and sustainable resource 
management action space in the wood pellet and wood log supply chains.  In other action 
spaces it was demonstrated in creating awareness and in infrastructural development for the 
wood pellet and wood chip supply chain and uniquely in the wood chip supply chain it was 
used to create awareness. 
10.5.2 Executive Governance  
Overall, the executive governance pattern is the second most common external governance 
pattern and the only governance pattern that is not in combination as indicated by the 
interviewees. It is employed in all the supply chains and applied in 11 processes, mostly in the 
wood log and wood pellet supply chain in (4) processes each and then the wood chip uses it 
in (3) processes each as shown in Table 40.  
Table 40-Frequency and Implications of the Executive Governance of External Institutions  
Executive 
governance 
Implications  
Wood pellet (4) Wood chip (3) Wood log (4) 
Providing financial 
support 
Regional enterprise 
funds (CFI) 
 
 
 
Funding bodies (CFI) 
 
 
Forestry Commission 
(RDPE) to a lead firm 
(CFI)  
 
 
 276 
Training Grant 
provider to lead firm 
(CFI) 
 
Forestry Commission 
to small scale 
producer (CFI) 
Creating awareness  UK Pellet council 
(PQN) 
National Trade 
Associations (Wood 
Heat Association) 
(PQN) 
 
Local wood fuel 
group (PQN) 
Not applicable  
Chain of custody  The FSC and PEFC 
(SSR) 
Not applicable  Stove Alliance (PQN) 
 
CONFOR and Grown 
in Britain (PQN)(SSR) 
 
The prevalence of the executive governance pattern on its own and even in combination with 
other governance pattern such as the legislative governance pattern is necessary because of 
the need for supportive relationships in the emerging wood fuel sector. On its own, it is 
observed the most in the wood log supply chain because it is the most unregulated supply 
chain with more informal associations (less legislation and judicial governance) and 
particularly because it is not under the RHI.  
Across the action spaces, it is the most prevalent in the Cost effectiveness Finance & 
Infrastructure action space, where it is applied in 5 processes, all in the process of assessing 
financial support as shown in Table 40. The high level of its application in this process is 
essential given that all the supply chains required some sort of funding to establish and 
continue operations and also to stimulate demand through the RHI.  In the wood log supply 
chain, it is used by National Government and regional funding bodies such as the Forestry 
Commission which provided a 40% infrastructural grant and woodland access grants for the 
wood log- lead firm and the wood log- small scale producer respectively. In the wood chip 
supply chain, a number of regional funding bodies provided funding for a range of harvesting 
and chipping machinery and OFGEM under the RHI funds the customers of the wood chip and 
the wood pellet supply chain, where a regional funding body and a training funding 
organisation provided a £250,000 grant and a training grant respectively.  
In the People Quality and Networks, the executive governance pattern is also significant, 
applied in 3 processes across the supply chains all for the process of ‘creating awareness and 
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networks’ (CAN). In the wood log supply chain it is used by the Stove Alliance in the campaign 
to replace open air fire with the more efficient closed wood burning stoves as well as to create 
awareness on the use of good quality fire wood. Also CONFOR and Grown in Britain initiatives 
provide quality assurance support and promotion of wood log supply chain products in the 
local area.   For the wood chip supply chain, National Trade Associations (Wood Heat 
Association) and the local wood fuel group provide support as well as collaboration and 
networking opportunities. Similarly in the wood pellet supply chain it is evident in the UK 
Pellet council, which supports and facilitates growth of the sector by exchanging expertise 
and lobbying with government bodies. 
In the Environmental sustainable resource management action space, it is used only in the 
process of sourcing for sustainable resource (SSR) by the PEFC and FSC as well as the Grown 
in Britain to provide assist and provide chain of custody certification which is non-legislative 
nor compulsory in the wood pellet and wood log supply chain respectively.  
In sum, the executive governance pattern has been very significant in providing financial 
support for all the supply chains, which is absolutely necessary for the establishment and 
continued operations.  In addition to that, its unique application in the wood log supply chain 
is to provide chain of custody assurances. In the wood chip it is used specifically to facilitate 
networking and awareness support with regional and national bodies and in the wood pellet 
supply chain, it functions in providing both chain of custody assurances and creating 
awareness and lobbying support.  
10.5.3 Legislative /Judicial  
Overall, the Legislative/Judicial governance pattern is one of the least used governance 
pattern. It is used in only three processes across the supply chains, all in the ‘Environmental 
and Sustainable Resource Management’ action space. The governance pattern is employed 
by only OFGEM in the process of ‘air quality management’ (AQM). In the wood pellet and 
wood chip supply chain, it is applied under the RHI where it defines air emissions limits and 
enforces non-compliance. In the wood log supply chain it targets only end-users and stove 
manufacturers in designating smoke free zones and enforcing the clean air act  
This governance pattern as indicated above is characterised by setting standards and limits 
and then enforcing compliance with little support (executive pattern) from the institutions. 
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This is relevant here because according to interview respondents, in the process of air quality 
management (AQM), OFGEM is relatively passive during the process of complying to the air 
emissions limits and smoke controlled areas but more active in penalising non–compliance. 
The Legislative /Judicial governance pattern employed in the (AQM) process serves a 
significant purpose to deal with air pollution given that the impact of wood fuel installations 
on air quality is a major concern for increased deployment and the growth of the sector.  
10.5.4 Executive/Judicial 
Overall, the Executive/Judicial governance pattern is the other least used governance pattern. 
It is also used in only three processes across the supply chains, all in the ‘People, Quality and 
Networks’ action space in the process of ‘Ensuring Wood fuel quality (WFQ). The governance 
pattern is employed by accreditation and certification organisations in the three supply chains 
where they monitor and certify wood fuel quality and also places sanctions on non-
compliance or fraudulent usage. They could also provide training to improve skill and 
compliance capabilities and provide assurances to end users for continued custom and 
increased customer base.  
As indicated above, this governance pattern is characterised by setting non-compulsory or 
non-legislative standards which are set in this case to ensure wood fuel quality with support 
and training from the accreditation body in meeting the standards as well as an active judicial 
procedure with sanctions for non-compliance or fraudulent usage. Given the importance of 
wood fuel quality for maintaining biomass boilers and end user demand, this supportive and 
enforcement governance pattern is quite necessary and useful to help build skills, set 
standards and procedures and then provide a strong deterrent for non-compliance once 
under the scheme. Hence, it supports supply chain development and sector growth. 
 In summary, the comparative analysis of the implication of institutional governance on in the 
three case study wood fuel supply chains has helped to indicate how institutions employ each 
governance pattern in the different supply chain process. It also indicates the processes for 
which each governance pattern has played a major role. For instance the executive 
governance was found to be significant in providing financial support, through a range of 
funding bodies, the Forestry Commission and OFGEM under the RHI. Also, the legislative/ 
executive governance pattern was very important in ensuring a sustainable natural resource 
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mainly through the Forestry Commission and OFGEM under the RHI, which also employed it 
in the air quality management process. Further the Legislative /Judicial governance pattern, 
which is employed only by OFGEM, had a significant role in dealing with air pollution in the 
air quality management process. Finally, the Executive/Judicial governance pattern is key for 
ensuring wood fuel quality used by accreditation bodies.  Determining the particular role of 
the institutions and the type of governance patterns they employ for each process is 
important in addressing problems within the supply chain processes that could arise from a 
range of factors including shortcomings in the implementation strategies of the institutions. 
Therefore, the following section examines the   limiting factors of institutional governance.   
10.6 Macro-Micro linkages: Limiting Factors that Impact on institutional 
Governance.   
The following highlights how institutional or supply chain factors limit the impact of these 
institutional governance patterns. These include implementations strategies drawn from 
chapter 6, decisions, attitudes and perception of actors as well as capital resource availability 
or limitations as outlined below:  
 There is tendency of some institutions to avoid or delay the enforcement of regulation or 
to give lenient penalties for non- compliance especially in the environmental action space. 
This was identified in relation to the Forestry Commission in chapter 6 in its administration of 
the felling licenses and the UK forestry standards hence legislative /executive governance 
should also have a strong judicial feature. Further OFGEM which uses a legislative /judicial 
governance pattern is said to require a more rigorous audit and enforcement regime an 
effective judicial governance of air quality (Interview 25). 
Some institutions lack the human capital or know-how. For example, limited personnel to 
monitor compliance to the felling license regime and UK Forestry standards as reported by 
wood land officers in the wood chip supply chain (Interview 21,22) and the lack of familiarity 
and know-how by the local authority in relation to planning applications for wood fuel supply 
chain hubs and biomass CHP, causing “delays and endless paper work” in the wood pellet 
supply chain (Interview 1). 
Lack of information and awareness limits participation by supply chain actors as well as un-
interested attitudes and different plans. In the wood chip supply chain, these factors were 
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evident in woodland owners in the campaign to bring woodland into management and it 
resulted in a lack of demand for woodland management plans. According to a woodland 
advisor  
 “There is too much dependence on word of mouth to get these plans out there. 
I only know about the plan because I have sat in Forestry Commissions 
presentations as part of my work. There needs to be more professional 
advertisement and awareness campaigns” (Interview 21). 
Financial and time constraints act as a limitation for certification and skills training in small 
and medium firms; which are common in the sector. For instance small wood and owners 
are unwilling or unable to pay for chain of custody fees for certification. Also time required to 
take time off work and the expense of training courses limit some supply chains actors as 
shown in the wood pellet supply chain.  Accordingly, an interviewee states “The biomass 
sector is barely viable itself and training is expensive in both time and money” (Interview 33). 
There are some inconsistencies in the monitoring procedures for certification an the 
frequency and type of inspection was also seen as inadequate in some of the certification 
schemes For instance in some certification schemes, only one site is inspected even if an 
operator has multiple processing sites. Further, onsite inspection take places every three 
years, with remote inspection taking place in the years between based on checking paper 
work (Interview 41). In the RHI scheme there is a lack of adequate monitoring that fail to 
detect and penalise some fraudulent practices in the registration of BSL supplier lists under 
the RHI scheme. These practices, if left unchecked, may undermine the system and induce a 
lack of confidence in the system and harm the reputation of the sector.  
 There needs to be more representation of all relevant actors in wood fuel lobby and 
networking groups; For instance the pellet council needs to include all other supply chain 
actors such as timber suppliers, sawmills, distributors, end users and haulers instead of just 
owners and directors of large lead firms. 
 Complex and long application process, too much information, lack of trust and bureaucracy 
limits interest in grant applications. This was observed in the energy crop grant schemes and 
in the Forestry Commission woodland planning grant. According to a woodland owner  
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“I have heard that some people do not want to deal with the FC due to various 
reasons like privacy, a certain lack of trust for governmental bodies and 
avoiding the bureaucracy!” (Interview 13).  
Also the wood chip contractor in the wood chip supply chain complained “the (RHI) 
application process is too complex for a simple guy like me” (Interview 7). 
Uncertainty and institutional instability, short-term funding, gaps and changes in the 
criteria for funding For example, the frequent regression of support for small-scale biomass 
systems in the domestic renewable heat incentive scheme led to significant reduction in the 
uptake of the domestic RHI.  
As a result of the limitations highlighted above, the following section outlines the vulnerable 
aspects in the sector, which refer to crucial issues that have not been adequately tackled due 
to the institutional limitations. Thus they are gaps and areas of vulnerability in achieving 
sector growth and resilience. In addition to these vulnerable aspects, other adverse events 
and trends to sector development and resilience that have been identified by interviewees 
are highlighted below. Together the vulnerable aspects and the adverse trends and events 
make up the sector wide vulnerability context. 
10.7 Sector-wide Vulnerability Context: Vulnerable aspects and adverse trends to 
growth and resilience  
In terms of adverse trends to sector growth and resilience, interviewees identified the 
following: 
There are increased incidences of the Red band needle blight, which is regarded as an 
economically important disease that affects the yield of conifer trees in Britain. Further, the 
UK climate with its rainy wet winters and high humidity is said to be a concern because the 
access and extraction of timber as well as the conditioning of wood chips are adversely 
affected by the weather (Interview 5, 6,18). 
Further, there is a general lack of key skills such as experienced biomass heat engineers as 
well as plumbers, builders and developers. For instance, about 20–30 people in the UK are 
reliable biomass heat engineers (Interview 5,6). There is also a lack of general management 
abilities such as supply chain management, business planning (forecasting and risk 
management) as well as a lack of understanding of key policies and poor customer services. 
 282 
Also there is a lack of motivation to improve skills because of limited highly skilled jobs as well 
as low skill requirements from potential employers (Forestry skills commission, 2009; 
interview 29). 
Other general trends include a prevalence of short courses as opposed to college or university 
courses for wood fuel for sustainable skill development especially for the youth (Interview 
29,30,31). In addition, an older workforce in the forestry sector means that the image and 
profile of jobs within the sector were seen as unattractive to young people (Forestry skills 
commission; 2009) and this may have a limiting effect on the development of the sector in 
the future.  
 
Furthermore, diversity of interests, knowledge, skills and business cultures as well as 
competing commercial interests within networks and groups limits effective interactions. 
Also frequent breakdown of biomass installations has a major negative impact on customer 
confidence and adoption rates (Interview 5, 33,34,35). According to an operations manager, 
 “one in five biomass installations breakdown within six months of operations” (Interview 6).  
 
Finally, supply chain actors are heavily dependent on financial aid because profit margins are 
low. However, it is recognised that the funding of wood fuel projects cannot go on 
indefinitely, there is a need to begin the process of creating avenues by which the sector can 
be weaned off subsidies and incentives as a means of achieving growth and resilience in the 
long term (Interview 5,1). 
 
In view of the above, the next section now compares the results of the application of the 
supply chain resilience assessment framework, which indicates the capabilities, and 
vulnerabilities of each supply chain in relation to the supply chain resilience principles 
described in the case study chapters. It also provides recommendations for supply chain and 
sector resilience and growth based on the sector wide vulnerability context identified above 
 
10.8  Supply Chain and Sector Resilience 
In this section, the results of the supply chain resilience assessment are compared to reveal 
similar and unique capabilities across the supply chains as outlined in Table 41. Subsequently, 
their impact on socioeconomic benefits, supply chain development and resilience outcomes 
are highlighted. Further, supply chain vulnerabilities that may inhibit these capability factors 
 283 
are identified and then finally factors and strategies for supply chain and sector resilience 
based on the supply chain capabilities and vulnerabilities as well as the sector wide 
vulnerability context are discussed. 
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Table 41 - Outlining Common and Unique Capabilities in the Supply Chains 
Capabilities Common/unique 
capabilities  
Wood pellet  Wood chip Wood log 
Visibility and 
capacity 
 
Common Capabilities  
Parent company or 
management support  
 
 
 
Membership and sourcing 
from RHI BSL list  
 
 
Parent company provide 
human and resources and 
social   connections and 
recommendations  
 
 
Membership and sourcing 
from suppliers in the RHI 
BSL List. 
 
 
Managing Director provide 
financial resources  
 
 
 
 
Membership and sourcing 
from suppliers in the RHI BSL 
List and free information 
exchange with timber 
supplier. 
Parent company provide wood land 
resource, physical and human 
resources for in-house training 
  
 
 
RHI Not applicable  
 
Unique Capabilities 
 
Key Unique Capacities  
CHP plant that runs on 
waste wood 
 
Adequate timber storage 
and debarking facility at 
plant.  
 
 
 
Wood fuel hubs across the 
region  
 
Specialised RHI consultant 
for complex legacy RHI 
payments 
 
Remote sensing of customer 
storage for delivery 
Kiln dried machinery for kiln dried 
wood from specialist producer  
 
Availability and use of own wood 
land resource and use of sawmill 
machinery and capabilities 
 
Use of formal and informal 
advertisements  
Flexibility and 
adaptability  
Common Capabilities  
 
Flexible sourcing  
 
 
 
Flexible sourcing:  timber 
can be purchased from 
spot markets and in 
auctions. 
 
Partnership with timber 
suppliers features some 
beneficial and flexible 
arrangements and provides 
an alternative source of 
Flexible sourcing from small scale 
and specialist producer to meet 
demand. 
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income for energy crop 
supplier. 
 
Unique Capabilities 
Adaptability to supply 
chain and end user needs  
An adaptable top up 
service for end users so 
end-user can buy in groups 
The lead firm adapts to 
needs so that physical capital 
are outsourced and more 
investment is put into 
human capital. 
Adaptable use of waste resources to 
derive value and use of sawmill 
machinery  
Collaboration 
and   Dispersion  
 
Common Capabilities  
Membership to external   
trade bodies to provide 
and   gain support 
Membership to the Pellet 
Council supports the 
exchange of expertise and 
information 
Membership to national 
trade groups such as the 
Wood Fuel Heat Association 
and the local wood fuel 
group facilitates networking 
opportunities 
Working with stove manufacturers 
to improve standard of stove designs 
Working with stove alliance in 
educating trade members on best 
practice 
Unique capabilities  
 
Partnership with major 
distributor facilitates 
quality pellet production 
and an extensive 
distribution network 
Cooperating with timber 
suppliers by providing 
expertise and knowledge to 
ensure adequate sustainable 
timber supply 
 
Collaborating and educating 
customers on the benefits of low 
moisture content logs and 
encouraging the replacement of 
open fire logs with modern wood 
burning stoves  
 
Community volunteering and 
firewood exchange between the 
small scale producer and neighbours 
Anticipate and 
Recovery 
 
 
 
 
Common Capabilities 
 
Compliance to Felling 
licence, forestry 
standards and 
certification 
Compliance to the felling 
licenses requirements, UK 
forestry standard and the 
RHI land criteria and using 
only certified timber  
Compliance to the felling 
licenses requirements, UK 
forestry standard and the 
RHI land criteria and using                                                                                                                                                                                                                                                                                      
certified timber. GIB Chain of 
custody certification 
Compliance to felling licenses and 
woodland management plans 
compliant to the UK forestry 
standard.
GIB Chain of custody certification 
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Unique Capability 
 
Not applicable  Not applicable  Decision not to source from 
imported wood logs 
Market position 
and   Security 
 
Common Capability  
Sustainability and quality 
assurance compliance 
aids security  
 Compliance to planning, 
RHI sustainability 
certification and quality 
assurance accreditations 
aids security.  
Compliance to planning, RHI 
sustainability certification 
and quality assurance 
accreditations aids security. 
Compliance to GIB sustainability 
certification and quality assurance 
accreditations aids security 
 
(No planning or RHI requirements) 
Unique Capabilities  Meeting and surpassing   
requirements for premium  
wood fuel quality; 
guaranteeing heat 
production at 4,800KWh 
per tonne. 
Long-term end user 
contracts of about 5, 10 to 
15 years,  
 
The remote sensing facility 
to gauge the customer fuel 
supplies  
 
 
Good relationship with 
national and local wood fuel 
bodies is also maintained. 
The supply chain is usually a 
major sponsor of its local 
wood fuel conference.  
The specialist log producer 
developed and uses a Kiln drier, 
which dries hard wood   to about 
20% Moisture content  
Specialist producer uses local 
newspaper adverts, newsletters as 
well as the use of local media and 
website to promote its products  
 
Decision not to source from 
imported wood logs 
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10.8.1 Socio-economic benefits and supply chain and sector development outcomes  
The following highlights the resulting socio-economic benefits and supply chain and sector 
development outcomes derived from the common and unique supply chain capabilities for 
each of the supply chains as shown in Table 41. 
Common Capabilities: Socio-economic benefits and supply chain and sector development 
outcomes   
Supply chain establishment and development generates a significant number of local jobs 
(71 jobs in wood pellet supply chain, 80 in wood chip and 11 in the lead firm of the wood 
log supply chain) as well as contracts for timber suppliers and wood land owners and high 
turnover up to £20 million as in the pellet supply chain are generated. These were facilitated 
by the assistance and provision of different capital resources from their parent or host 
companies in all the three supply chains, driven by an awareness and visibility of supply chain 
requirements.  
Visibility which helps to Improves customer confidence, generate demand and income 
critical to supply chain development and also helps to facilitate RHI payments to customers 
is enhanced by membership and sourcing from suppliers in the RHI BSL List in the wood pellet 
and wood chip supply chain and the use of formal advertising and word of mouth 
recommendations in the wood log supply chain.  
Increased demand and income from higher prices of quality pellets products and Kiln dried 
logs, cost effective delivery to meet widely dispersed demand and cost effective operations 
to ensure timber supply are derived from partnering with the specialist producer to educate 
customers on the benefits of low moisture content logs in the wood log supply chain, 
partnership with the pellet major distributor to ensure quality and delivery to an extensive 
network of customers and collaboration with timber suppliers in the wood chip supply chain 
respectively    
Improved profit margins, reduced cost, additional income and timber availability 
guarantees are facilitated by flexibility in sourcing such as spot markets purchases in the 
wood pellet supply chain, flexible and adaptable arrangements with the timber suppliers and 
the energy crop supplier in the wood chip supply chain and use of wood land thinning waste 
and sale of kiln dried wood due to customer demand in the wood log supply chain  
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Supply chain development and customer confidence, which enables them to gain access to 
the RHI payments is derived by compliance to the RHI scheme and the BSL list in the wood 
pellet and wood chip supply chain  
A unified voice to the Government, improved public awareness and acceptability of the 
sector, networking opportunities and new business partnership as well as representing 
supply chain interests are derived from member ship with the pellet council, national and 
local trade groups in the wood pellet and wood chip supply chain respectively  
The availability of sustainable feedstock over the years to the future and a good system of 
governance that is beneficial to the environment helps to ensure supply chain development 
and resilience through compliance with external /institutional environmental governance 
such as the felling licenses and UK forestry standard requirements in all the supply chains and 
the RHI land criteria in the wood chip and wood pellet supply chains   
Customer assurances, recommendations and local business connections Increase   demand 
and hence income because of the use of FSC and PEFC certified timber as well as GIB 
certification in the supply chains  
Competitive advantage, increased market share with higher prices and maintaining and 
increasing customer base are derived from the ability to meet, surpass and maintain 
requirements for good quality premium pellet production in the wood pellet supply chain, 
the ability to provide unique value added customers services i.e. the remote sensing facility 
and long term customer contracts in the wood chip supply chain and the production of kiln 
dried logs and HETAS certification in the wood log –specialist producer firm.  
Increased market share and supply chain promotion are further enhanced through activities 
with national and local wood fuel bodies such as sponsoring local wood fuel conferences in 
the wood chip supply chain and the use of local newspaper adverts, newsletters as well as 
the use of local media and website to promote its products in the wood log supply chain.  
Security in terms of continued operations, ensuring market position and reputation as well 
as supply chain resilience are derived from compliance to planning, sustainability and 
certification requirements in all the supply chains 
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Unique Capabilities: Socio-economic benefits and supply chain and sector development 
outcomes   
The following highlights the socioeconomic benefits and supply chain and sector 
development outcomes derived from key unique capabilities in each supply chain.  
Wood pellet: In this supply chain, unique capabilities are derived from physical assets, 
partnership with a key actor and unique customer services. Socio-economic benefits and 
supply chain and sector development outcomes derived include the following: 
Savings, additional income and incentives are derived from owning a CHP unit that generates 
it own energy and sells electricity to the grid. Also, cost effectiveness is enhanced by adequate 
timber storage and debarking facility at the plant. Lastly reduced customer delivery cost, 
increased sales and competitive advantage are derived from a unique partnership with a 
major pellet distributor that produces premium quality pellets which meets and surpasses 
requirements and also comes with a guaranteed heat production at 4,800KWh per tonne. The 
partnership also facilitates special customer services such as a flexible top up service. 
Wood chip supply chain: unique capabilities in this supply chain are derived from its regional 
spatial distribution using wood fuel hubs, human assets and know-how and also from a special 
customer service innovation. Socio-economic benefits and supply chain and sector 
development outcomes derived include the following: 
Additional rental income from disused farm buildings for farmers as well as cost effective 
operations and improved efficiency are derived from the use of regional wood fuel hubs. Also 
significant additional income is derived from improved capacity and skills of employees and 
the provision of more value added services such as e-commerce, installations and 
consultancies. In particular the legacy RHI applications services provides income for the lead 
firm and also provides significant funds for end users of up to £20,000 per year. In addition, a 
unique remote sensing facility to gauge the customer fuel supplies is beneficial to customers 
and facilitates continued custom and income  
Wood log supply chain: unique capabilities in this supply chain are derived from the 
innovative and flexible use of physical assets, a sense of community and social capital and a 
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decision to avoid imports. Socio-economic benefits and supply chain and sector development 
outcomes derived include the following: 
Additional income for the specialist producer and the wood log lead firm acting as a    
middleman is derived from the sale of kiln-dried log produced from the innovative kiln dried 
machinery. Also flexible use of estate machinery increases cost effectiveness and reduces 
machinery redundancy. 
In particular, a sense of community and sector development is achieved through volunteering 
from friends and neighbours to manage the woodland in exchange for firewood and 
collaboration to educate on best practice education in the chain.  
Finally, security in terms of avoiding tree disease from imports and also increasing demand 
from indigenous wood log suppliers are derived from its GIB certification and the decision not 
to use imports in spite of timber supply shortages in the wood log- supply chain. 
In summary, comparing key unique capabilities indicates that for the wood pellet chain, a key 
capability is its relationship with the major pellet distributor, for the wood chip it is its human 
capacity and for the wood log, its social capital and engagement with the community. These 
key unique capabilities reflect the different emphasis and focus of the governance of the 
supply chains, which are quality and cost effectiveness, human resource capacity building and 
community engagement and education in the wood pellet, wood chip and wood log supply 
chains respectively.  
Finally, this section has helped to highlight how socioeconomic benefits as well as supply 
chain and sector development and resilience outcomes are derived from common and unique 
supply chain capabilities, which are developed through the availability and use of different 
capital resources, compliance to external governance patterns as well as activities, internal 
governance, relationships and decisions in all the supply chains.  
The following Table 42 now outlines related vulnerability factors derived from the supply 
chain resilience assessment framework, which may inhibit the effectiveness of the capability 
factors in the supply chain.
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Table 42 - Outlining Common and Unique Vulnerability Factors across the Supply Chains 
Vulnerability  Common and Unique 
Capabilities  
Wood pellet  Wood chip Wood log 
Visibility and 
capability 
 
 
 
 
 
 
 
 
Common 
Vulnerabilities  
Lack of critical human, 
physical and 
infrastructural 
resources 
 
Critical resource 
limitations e.g. 
experienced wood fibre 
procurement manager 
and infrastructural   
requirements  
 
 Critical resource 
requirements e.g. 
suitably qualified 
biomass heat engineers, 
adaptable forestry and 
energy crop harvesting 
equipment  
 Difficulty in obtaining and 
replacing skilled manual motor 
chainsaw operators and 
require bulk bag crane delivery 
system  
 
 
Unique 
vulnerabilities  
 
 
 
Significant external 
funding i.e. private 
equity risk takeover of 
company  
 
 
Lack of awareness and 
visibility of WIM 
campaign and the local 
authority legislation to 
consider biomass as a 
default. 
In adequate sustainable and 
certified timber supply at busy 
period.  
 
Lack of adequate storage 
facilities at some end user 
premises 
Flexibility and 
adaptability  
Common 
Vulnerabilities   
Inflexibility in 
woodland 
management  
 
 
Inflexibility by 
customer and end-
users  
 Only FSC and PEFC 
certified timber are 
bought and used in the 
pellet plant.  
 
 
Lack of flexibility of end 
user demand, there is 
significant surge in 
demand over winter. 
Inflexible perceptions 
and attitudes e.g. 
woodland owners’ lack 
of interests and different 
land objectives, 
 
 Not applicable in the 
wood chip supply chain  
 
 
Not applicable in the wood log   
supply chain 
 
 
 
 
Preferences for hard wood log 
by customers  
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Inflexibility in 
operations  
In-flexible working 
arrangements at the 
pellet plant limits uptake 
of training opportunities  
 
Restrictions on the use 
of funded equipment for 
non-wood fuel aspect of 
the chipping contractor’s 
business and restrictions 
on the “change of use” 
of farm buildings by the 
local authority. 
 
Specialist firm refusing to 
produce soft wood log as well 
as hardwood logs. 
 
Inflexible attitudes; small scale 
producer don’t want to 
expand operations despite 
limited capacity  
 
Current use of loose load 
delivery in vans and trailers in 
stead of bulk volume bags  
Collaboration 
in   Dispersion  
 
Common 
Vulnerabilities 
Potential or actual 
conflict in 
collaboration  
Low uptake of training 
opportunity offered by 
large pellet distributor 
reveals some tensions in 
the relationship  
Lack of time, self-
interests and conflicts 
may limit the benefits of 
both the national and 
local wood fuel groups.  
Use of same contractors risk 
loss of production in case of 
disappointment and lack of 
innovation due to familiarity  
 
Unique 
Vulnerabilities  
Other supply chain 
actors, such as sawmills, 
distributors, hauliers and 
end users are under-
represented in the pellet 
council 
Not applicable to wood 
chip supply chain 
HETAS is expensive and an   
additional cost to producer 
and it may not be required by 
customers.  
Anticipate and 
Recovery 
 
 
 
Common 
Vulnerabilities 
Lack of knowledge 
limits compliance to 
UK forestry standards  
Lack of knowledge and 
awareness of some 
woodland owners limits 
compliance to the UK 
forestry standards  
Lack of knowledge and 
awareness of some 
woodland owners limits 
compliance to the UK 
forestry standards  
Not applicable to wood log 
supply chain  
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Inadequate 
enforcement of 
compliance  
 
 
Sourcing and 
distribution over a 
100mile radius with 
negative impact on 
GHG emissions.   
Limited enforcement of 
the forestry standards 
and felling license  
 
 
Pellet distribution over 
200mile radius because 
of spatially dispersed 
customers increases 
GHG emissions.  
Limited enforcement of 
the forestry standards 
and felling license  
 
 
Timber sourcing from a 
100mile radius for 
airport customer 
increases GHG 
emissions. 
Occasional visits and limited 
monitoring of forestry 
standards  
 
 
Sourcing from a 100mile radius 
because of lack of local timber 
increases GHG emissions. 
 
Unique 
Vulnerabilities  
 Complex application and 
lack continuity in the 
energy crop scheme has 
limited its uptake 
amongst farmers.  
A more rigorous audit and 
enforcement regime especially 
for log boilers and stoves 
which are not under the RHI  
 
Market 
position and   
Security 
 
Common 
Vulnerabilities  
Expensive sources of 
competitive 
advantage  
 
 
Cheaper imports  
 
 
 
 
 
Good quality premium 
pellets are relatively 
expensive to produce 
compared to cheaper 
and less quality imported 
pellets  
 
Imported pellets are 
cheaper although with 
less quality 
 
 
 
Value added services 
might come with a price 
that the customer or end-
user may not be willing to 
pay.  
 
Not applicable in the woo 
d chip supply chain 
(imports are limited) 
 
Promotional activities and 
programmes may be costly 
and time consuming  
 
 
 
 
Higher timber cost means 
higher firewood price 
compared with cheaper 
imports   
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Limitations of 
certification  
Pellet quality 
certification does not 
cover all aspects of the 
supply chain such as 
timely delivery and other 
logistical issues.  
 
 
 
Estate membership of 
certification can prove costly  
 
 
 
 
Unique 
Vulnerabilities 
The pellet council is 
made up of mainly 
large lead firms need 
to include other 
supply chain actors in 
the suppler chain 
Networking with 
national and local bodies 
may not be worth the 
time and money 
expended.  
There is a general lack of 
awareness and 
uncertainty about ESCOs. 
Increasing   price of 
round wood due to 
demand from other 
sectors, Inadequate 
supply in busy periods 
causes delays in lead 
times.    
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Drawing from the supply chain vulnerability factors in Table 42 and the sector wide 
vulnerability context in section 10.8. The following section now recommends and discusses 
factors and strategies for sector/ supply chain resilience and development. 
10.8.3  Factors and Strategies for Sector and Supply chain Resilience   
 
Visibility and capacity: At the sector level, there is a general need to improve awareness and 
visibility as well as provide timely, accurate and up to date information, through the use of 
information websites such as the closed down biomass energy centre (BEC). Further, it would 
help to publicise campaigns such as the Forestry Commission’s campaign to increase critical 
domestic resource capacity, through professional advertisement avenues such as TV adverts, 
social media and newspapers rather than relying on word of mouth, especially for woodland 
owners who stand to gain significant additional income as identified in the wood chip supply 
chain. The campaign can also increase the uptake of woodland management plans thereby 
increasing job security for woodland advisors. Similarly the level of awareness of favourable 
legislation needs to be improved. For instance, the local authority’s legislation for biomass to 
be a default option in new development was a major driving force for the wood fuel sector in 
the wood chip supply chain’s locality. However, a general lack of awareness and visibility of 
this legislation and its subsequent removal means that its effect was limited; this could have 
been enhanced by the employment of local public liaison officer. 
 
At the supply chain level; word of mouth and other media are used by the wood log supply 
chain especially the specialist producer, this could also be adopted for the wood chip and 
wood pellet supply chains where such marketing and publicity activities were not explicitly 
reported. Also membership of the RHI BSL list serves to increase the visibility of the wood 
pellet and wood chip supply chain. However, this may be undermined and lose customer 
confidence, if the list is not properly managed to prevent fraudulent practices and false 
representations as identified in chapter 6.   
In terms of capacity building, specific targets to meet critical skills gaps for training and 
development are required. These gaps include experienced biomass heat engineers, 
plumbers, builders, developers as well as skilled manual chain saw operators.  There is also a 
lack of general management abilities such as supply chain management, business planning 
(forecasting and risk management). For instance, the need for an experienced wood fibre 
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procurement manager in the wood pellet supply chain. Also the lack of familiarity and know-
how by the local authority in relation to planning applications for wood fuel supply chain hubs 
and biomass CHP experienced in the wood chip and wood pellet supply chain should be 
addressed by the re-introduction of the expert planning service to assist local planning 
authorities.  
Further, value added services requiring skilled jobs that can provide more income are 
required to tackle the lack of motivation to improve skills and low skill requirements. An 
example is the wood chip lead firm decision to invest in human resources to improve skills for 
consultancy and e-commerce services. Also encouraging technology innovation will provide 
avenues for skilled jobs and more diversified income. Further due to the increasingly stringent 
standards exerted by the legislative, judicial and buyer-driven governance of external 
institutions/certification bodies and end users respectively, it is also necessary to increase 
capacity for skilled auditing jobs. For instance limited personnel to monitor compliance to the 
felling license regime and UK Forestry standards are reported by woodland officers in the 
wood chip supply chain and experienced audit officers for certification bodies are in short 
supply as noted in chapter 6.  
In addition to skilled jobs, increased capacity in terms of the provision of infrastructure is 
required for supply chain and sector development. This can be done by providing more capital 
funding and grants for wood fuel technologies and supply chain infrastructure, which have 
been limited since the introduction of the RHI. These capital grants are still necessary to 
obtain necessary machinery and infrastructure in the supply chains in order to stimulate the 
sector in conjunction with the RHI, which only pays out to end users with biomass systems. 
Current machinery and equipment requirements identified in the supply chains include 
adaptable machinery for the hard to reach forestry terrain, energy crop harvesting 
equipment, pellet storage silos and bulk bag delivery crane.  
Flexibility and Adaptability: At the sector level, despite some progress in the Forestry 
Commission’s ‘WIM’ programme, there are still a significant number of privately owned 
woodlands that have largely been left unmanaged, mainly because of the low value of the 
resource as well as an attitude which sees the felling of tress as a “bad thing”. A change of 
attitude and approach is necessary to derive the value from wood fuel. This could also be 
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helped by adapting the application process for woodland grants to the needs of the woodland 
owner. Currently, the application process is regarded as too long and complex, requiring too 
much information amidst privacy concerns and distrust for governmental bodies. 
Further a new attitude towards skills improvement is also necessary as the current attitude is 
not sustainable or aligned with the increasingly stringent institutional and end-user 
requirements. For instance, inflexible working arrangements at the wood pellet plant limited 
uptake of subsidised training opportunities.  Further, wood fuel and forestry courses need to 
be adequately adapted and integrated into higher education as this would help to encourage 
the younger generation, in addition to the use of short courses, which is currently the 
preferred mode that is more suitable for experienced actors.  
In terms of governance, relevant external organisations need to quickly adapt some of their 
executive and legislative governance practices to accommodate the requirements of the 
wood fuel sector and its actors. For example, the limitation of grants to only woodlands over 
three hectares, given that majority of woodland owners have less than three hectares of land 
is not fit for purpose. Furthermore, the delayed planning approval by some local authorities 
due to lack of understanding of wood fuel hubs and planning restrictions on the “change of 
use” of farm buildings causes loss of rented income for potential farmers and limits sector 
development. Also restrictions imposed by funding bodies on the use of funded equipment 
for non-wood fuel aspect of the chipping contractor’s business need to flexible.  
Further, the governance pattern of the Forestry Commission and OFGEM need to adapt to 
the increasing need to ensure resource availability and air quality as the wood fuel sector 
grows. Therefore a more rigorous and effective judicial governance is required with 
adequately stringent penalties.  
At the supply chain level, flexibility in terms of supply chain structure, attitude/thinking, and 
governance patterns are necessary. For example, the structure of the supply chains reveals 
that some lead firm are highly dependent on some other firm or end user in the supply chain.  
This was noted in the wood pellet chain in relation to the important partnership between the 
lead firm and the major pellet producer but it is more critical in the wood chip supply chain, 
where the airport customer of the lead firms provides almost 80% of turnover for the lead 
firm and the chipping contractor depends on the lead firm to provide over 60% of turnover. 
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This indicates that both actors are over-reliant on a particular actor in the chain and there is 
a need to introduce some diversity in their customer base to improve resilience 
Further, some inflexible internal governance requirements also need to be adapted to actor 
needs. For instance the use of only PEFC and FSC certified timber by the wood pellet lead firm 
needs to be re-considered because it is not compulsory for the RHI sustainability 
requirements and it excludes owners of small woodlands who are not certified because of 
financial constraints leading to loss of potential income and limits timber availability. Further, 
in the wood log supply chain, the current use of loose load delivery needs to quickly adapt to 
end user preferences for volume bags. On the other hand end-user demand needs to be 
needs to be flexible all year round to prevent the winter surge with the use of adequate 
storage and customers need to be encouraged to use soft wood as well as hard wood for 
wood logs to help resource management rather than the current preference for hard wood 
log which limits timber availability. Finally in spite of limited timber availability in the wood 
log supply chain at busy periods, the small producer’s decisions not to expand operations 
because of paper work due to employing workers reflects an inflexible attitude that does not 
help jobs creation and supply chain development.  
Collaboration in Dispersion: Effective collaboration within the wood fuel sector would 
generate benefits. However, lack of time, different level of interest in the sector, self-interests 
and commercial conflicts may limit these benefits.  For instance, in the wood pellet supply 
chain, training funds were provided to lead firm employees from the major pellet distributor, 
however the offer was not taken up due to time constraint, which caused tensions in the 
relationship. Similarly, the local wood fuel group indicated that conflicts, commercial interests 
and lack of transparency hampered its effectiveness. These examples serve to highlight the 
need to manage such mutually beneficial relationships sensitively and effectively. Further, 
lack of proper governance may also limit effectiveness. For example, the local wood fuel 
group in the wood chip supply chain lacked formal rules and regulations, which limited its role 
and effectiveness as a source of social capital. Such informal networking and groups are 
common in the sector, it is suggested that more formal and organised alliances would bring 
about greater benefits for actors. 
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Therefore, if relationships are well managed and collaboration activities are properly 
governed, collaboration in the wood fuel sector could be very beneficial. For instance it could 
be an avenue to reduce the dependency of the sector on subsidies and grants by sourcing 
funds and investments through local and national co-operations and networking. In addition, 
financial collaboration will prevent the lack of administrative funds, which affected the 
longevity of the local wood fuel group. Also, woodland owners could establish a local hub to 
collate resources, information, share skills and facilities and represent the diverse interests of 
all involved in order to harness potential additional income. Further human capital would be 
enhanced by a supply chain cooperative which could fund and train key actors in the chain 
such as the chipping contractor and his employees, who are limited by low profit margins. In 
addition effective collaboration could help to educate the public and end user on best practice 
as well as help develop quality standards with certification bodies as demonstrated in the 
wood log supply chain. Finally, effective collaboration within lobby groups will help to place 
the sector’s interests at the national level. To achieve this however, there needs to be more 
representation of all relevant actors in wood fuel lobby and networking groups; For instance 
the pellet council needs to include all other supply chain actors apart from leaders of large 
lead firms such as timber suppliers, sawmills, distributors, end users and haulers to ensure all 
interests are represented. 
Anticipate and Recover: The ability to anticipate, plan and action a recovery plan is important 
given that an emerging industry is prone to uncertainty and unexpected events. One of the 
major threats to the sector cited by actors is uninformed public perception about the impact 
of the sector on the environment, especially concerns over air quality and deforestation. In 
anticipation, the sector requires good public relations officials to effectively communicate the 
steps taken by the sector to mitigate some of these impacts. For instance, some wood fuel 
appliances and boilers are restricted in smoke controlled area and others can be fitted with 
different types of technologies such as scrubbers and thermal oxidizers to reduce air polluting 
emissions. In addition, as mentioned earlier, there needs to be more rigorous auditing and 
enforcement of air quality.  To address deforestation concerns, it should be widely publicised 
that felling trees as part of the management of woodlands is beneficial to the environment 
and improves biodiversity as in the wood log supply chain. In addition it is also necessary to 
ensure that domestic timber availability is well managed through adequate monitoring of the 
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FC felling licenses and the UK forestry standard. Also, the incidence and spread of tree disease 
such as the Red band needle blight needs to be effectively managed, Forestry Research an 
arm of the Forest Commission in charge of disease management, is said currently to be under-
resourced and requires more human and financial capital to operate effectively (Interview 
23,24). Further, the frequent events of biomass boilers and systems breakdown needs some 
kinds of regional repair centre or call centres where fully qualified heat engineers can be easily 
contacted. Information from end-users indicates that response times and required skills for 
repair and recovery are generally poor.  Such break down which may be as a result of low 
quality wood, which could be prevented by adequate and frequent monitoring of all sites 
rather than one representative site by the wood fuel quality certification schemes.  Plans 
should also be made to improve skills and increase capacity in areas of current weakness such 
as supply chain management, forecasting and risks assessment, in anticipation of the sector 
growth and development. Finally, avenues by which the sector can reduce its dependency on 
subsidies and financial grants should be identified and explored, in anticipation of a future 
when financial aids are no longer available or limited. This would improve the image of the 
sector, attract investors and secure the future of the sector. 
Market position and Security: Securing market position refers to activities to secure, defend 
and improve market position and shares and the ability to meet end-user and other 
stakeholder preferences. In the UK renewable energy industry, the wood fuel sector provides 
a significant share (75%) of the renewable heat in the UK. The fact that renewable heat is 
highly dependent on woody biomass and energy crops puts the sector in a prominent position 
within the renewable heat sector. In comparison, the other major source for renewable heat 
is heat pumps, which contributed only about 4% to renewable heat. However, to secure and 
increase market shares at the sector level, the significance of the sector for renewable heat, 
climate change reduction and energy security should receive wider publicity. In addition, 
wood fuel for renewable heat should be regarded as distinct from wood fuel for renewable 
electricity as renewable electricity from wood fuel requires a much larger amount of 
woodland resources, which may have a negative impact on the availability and sustainability 
of local wood fuel resources. Therefore, developing an effective lobbying and 
communications strategy with governmental bodies at the local, regional and national levels 
as well as the general public could help to defend promote the market position of the sector 
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by showing its importance and benefits. In addition, market position are further secured at 
the sector level by ensuring that monitoring procedures for certification are adequate and 
fraudulent practices are detected and effectively penalised, so that these certification and 
sustainability schemes are not undermined such as the wood sure certification and the RHI 
BSL list, which provide quality and sustainability assurances to customers. Further, 
uncertainty and institutional instability, short-term funding, gaps and changes in the criteria 
for funding needs to be addressed to secure end user confidence in the sector.  
At the supply chain level, market shares and position are derived and sustained by   
maintaining the unique qualities or assets, which meet end user preferences and   provide 
competitive advantage. For instance, the ability to manufacture premium quality pellet, long 
term end user contracts and the development and use of unique infrastructure such as the 
Kiln driers and remote sensing facilities. Also compliance to quality and sustainability 
certification schemes provides added security and assurances that feedstock are derived from 
legal and sustainable sources. It also avoids possible shut down of operations due to non -
compliance, which may lead to loss of reputation, market share and income, which adversely 
affects sector development. 
Summary and Conclusion 
The purpose of this chapter was to provide a synthesis and comparison analysis of the results 
derived from the empirical chapters. The comparative analysis was implemented according 
to the three major stages in the RELISC framework. Firstly, the value chain mapping and 
governance patterns stage, secondly, the implications of internal and institutional governance 
and five capital analyses on supply chain processes were examined and finally the results of 
the supply chain resilience assessment, in order to determine factors and strategies for sector 
and supply chain development and resilience. 
The value chain mapping and governance patterns comparative analysis revealed that lead 
firms mostly start as off shoots or are subsidiaries of existing companies, highlighting its 
advantage in terms of securing support and as fall back option in case of failure. It also showed 
the high level of inter-dependency in the supply chains based on the type of governance 
patterns exhibited and the importance of information and actor interconnection in the 
operation and development of wood fuel supply chains. Further, an exploration of different 
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drivers; actor decisions, perceptions and attitudes toward risks and uncertainty as well as the 
impact of local conditions indicated that socioeconomic drivers were key drivers in 
establishing the chain. Also, it was showed how the different strategies employed by the 
actors met with varying levels of success depending on their perception of the risks and level 
of preparedness as well as lack of information, resources and competence. In addition, 
available resources and local conditions played a significant role as well as government 
regulatory support that were particularly seen as critical for supply chain establishment and 
expansion.  
Secondly, the comparative analysis of the implication of internal and institutional governance 
and the five capital analyses on supply chain processes indicated how and who governs the 
activities of the supply chains. It also helped to determine the role of each governance pattern 
on the implementation of different processes and action spaces and how the employment of 
the governance patterns has facilitated access to a range of socioeconomic benefits and 
supply chain development. Further the five capital analysis was used to determine the various 
ways by which capital availability and limitation can have an impact on the governance of 
supply chain and the positive and limiting impact of governance pattern on capital resources, 
suggesting an important interdependent relationship, with capital resource being the 
dominant factor in ensuring the effectiveness of internal governance patterns.    
Furthermore, the implication of institutional governance helped to indicate how institutions 
employ each governance pattern in the different supply chain process. It also indicates the 
processes for which each governance pattern has played a major role, which was found to be 
useful in addressing problems within the supply chain processes that could arise from a range 
of factors including shortcomings in the implementation strategies of the institutions. This 
lead to an examination of limiting factors on institutional governance, which indicated that 
shortcomings in implementations strategies, decisions, attitudes and perception of actors as 
well as capital resource availability or limitations had an impact on the external governance 
of crucial areas in the action spaces and processes in the sector. These areas were referred to 
as vulnerable aspects. In addition to the vulnerable aspects, other adverse events and trends 
to sector development and resilience were identified to make up the sector wide vulnerability 
context. 
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Finally, the results of the supply chain resilience assessment framework were compared to 
reveal similar and unique capabilities across the supply chains highlighting their impact on 
socioeconomic benefits, supply chain development and resilience. Also related supply chain 
vulnerabilities were identified, leading to discussions and recommendations of factors and 
strategies for supply chain and sector resilience based on the supply chain capabilities and 
vulnerabilities as well as the sector wide vulnerability context.  
Key recommendations discussed include the general need to improve awareness and visibility 
as well as provide timely, accurate and up to date information, publicising campaigns through 
professional advertisement avenues rather than relying on word of mouth, Also it was noted 
that specific targets to meet critical skills gaps for training and development are required as 
well as value added services requiring skilled jobs and increased capacity in terms of the 
provision of infrastructure Further, flexibility in terms of supply chain structure, 
attitude/thinking, and governance patterns are seen as necessary as well as the need for 
relevant external organisations to quickly adapt their practices to accommodate the 
requirements of the wood fuel sector and its actors. Also, proper governance rather than 
informal alliances and sensitive relationship management was considered necessary for 
collaboration to yield benefits despite its constraints. To counter the threat of uninformed 
public perception on the environmental impact of the sector, it is suggested that the sector 
requires good public relations officials to effectively communicate the steps taken by the 
sector to mitigate some of these impacts. In addition it is also necessary to ensure that 
domestic timber availability and incidence and spread of tree disease such as the Red band 
needle blight need to be well managed through adequate monitoring and control. Finally, in 
securing its market position at the sector level, it was noted that the significance of the sector 
for renewable heat, climate change reduction and energy security should receive wider 
publicity. At the supply chain level, maintaining the unique qualities or assets, which meet 
end user preferences and also provide competitive advantage are key strategies, in addition 
to compliance to quality and sustainability certification schemes which provide added 
security and maintain market shares and position.   
Finally, comparative analysis and synthesis of case study results based on the application of 
the RELISC framework undertaken in this chapter has shown how the framework has been 
able to holistically engage with a wide range of factors that have an impact on the 
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socioeconomic aspects of the system, sector and supply chain development as well as it 
resilience to risks and change given its emerging nature. The next chapter further discusses 
the result from this chapter and the other empirical chapters in relation to literature, in order 
to draw out insights and highlight the significance of the results derived from the application 
of the RELISC framework to the UK wood fuel sector. 
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Chapter 11:  Discussion of Results  
11.1 Introduction and Outline  
The overall aim of this work was to determine the factors and strategies necessary for 
increasing deployment levels (sector growth) and supply chain development of the UK wood 
fuel sector as well as its resilience to change and uncertainty, given its importance as a 
renewable energy source and its ability to generate socioeconomic benefits. To achieve this, 
two main research objectives derived from an extensive literature review have guided the 
development and application of the RELISC framework employed in this work. The objectives 
include the following: 
• Define the structure of representative UK wood fuel supply chains, mapping out the actors as 
well as the institutional context of the sector.  
• Assess the identified factors in a holistic manner in order to determine relationships and their 
role in achieving sector growth and resilience. The factors are likely to include supply chain 
structure and governance, resource and five capital limitations and availability, institutional 
governance and organisational processes, sector vulnerability context, supply chain 
vulnerabilities and capabilities well as actor decisions and perceptions.    
This chapter of the thesis will draw insights and discuss the results generated in the preceding 
empirical chapters 5-10 based on the research objectives and in relation to extant literature. 
It will also point out the significance of the results derived from the application of the RELISC 
framework.  
11.2 Key Insights from the Institutional mapping process and the results  
Given the emerging and fragmented nature of the sector and its supply chains, one of the first 
objectives of this research was to identify the types of institutions functioning at the sector 
level before examining the individual case study supply chains. This was done by a process of 
institutional mapping with a specific aim to determine the institutional governance patterns 
and to evaluate their role in increasing deployment levels (sector growth), supply chain 
development and resilience to change and uncertainty. This clarity of purpose is in 
accordance to best practice in institutional mapping (Aligica, 2006; McFadden et al. 2010) 
because it provides focus to what could be a complex process and helps to determine the 
methods and elements used in the institutional mapping process, so that it achieves its 
 306 
particular purpose or solves a particular problem rather than being a comprehensive map of 
sector level institutions and relationships, which may be less relevant to the purpose. Also, 
given the aim of the institutional mapping process indicated above, the assessment of 
institutional governance patterns was a key part of the process which provides a dynamic 
perspective that looked at processes of governing and brings a stronger emphasis on actors 
(Bieermann et al., 2009; McFadden et al., 2010). Thus governance adds to the theoretical 
concept of institutions, which is a relatively under-developed concept despite its importance 
(Aligica, 2006; Garcelon, 2010) Furthermore, the emphasis on actors mentioned above is in 
accordance with the people-centred approach of the RELISC framework that seeks to 
highlight the role and impact of actor perceptions and decisions that will be discussed later. 
The following now outlines how key features of the institutional mapping process benefit this 
work. 
The Benefits of Policy Development Process as part of the Institutional Mapping Process To 
start the institutional identification and mapping process, the RELISC framework first 
examined the UK bioenergy policy development process using key policy reports published 
over time in order to first understand the policy context and to provide insights on the 
governance and the historical to current direction of policy concerning the growth and 
development of the sector and its supply chains. Secondly, the process helped to identify the 
institutional drivers of the policies as well as the institutions assigned to implement them as 
shown in chapter 5. Starting the institutional mapping process with the policy development 
action space was necessary because it is recognised that although institutional mapping 
should be designed according to the purpose for which the map is intended as mentioned 
above, it is also important to take into account the   background or meta level assumptions 
that shapes the subject (Turnbull, 1989; Aligica, 2006). In this case, it was recognised earlier 
in chapter 1 that government policies were key drivers for increasing awareness and 
developing the bioenergy sector. Thus, examining the role of ‘policy-driving’ institutions and 
the background assumptions that underpin the policies that drive the development of the 
sector is important, especially for an emerging sector that may have arisen because of new 
challenges and policy contexts. This is a key feature of the RELISC framework. The following 
draws some insights on the assumptions generated from a critical review of the policy 
development process in chapter 5.  
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The policy process is a complex iterative process rather than a rational policy making process 
Firstly, the policy process as depicted by the policy reports assessed in chapter 5 show that in 
reality the rational policy making process does not always go through a linear pattern i.e. from 
an agenda setting, decision-making to implementation and evaluation, rather it is an iterative 
policy process. The tendency for policy development in practice to be a non-rational iterative 
process has been recognised in literature (Sutton, 1999; International Development Studies, 
2006). For the bioenergy sector, the need for iteration is even more apparent because of the 
complexity of the sector and the number of different types of technologies and actors 
involved. However, the iterative process employed for UK bioenergy was found to be is 
disjointed because there is limited information on the progress of existing policies and 
institutional action plans. Instead new organisations and policies are announced with each 
new biomass strategy report that is published after five years. Sector actors regard the five-
year interval between reports as too long given that the sector is still emerging and 
developing (Interview 1,4, 25, 28 37). Moreover the next biomass strategy report is due this 
year, but there have been no announcement of its publication. Thus a disjointed policy 
development process that lacks continuity underpins the development of bioenergy policy 
strategies in the UK.  The next point looks at the progress of key policies and drivers for the 
development of the sector as identified in chapter 5. 
Policy Context and Drivers: EU Renewable energy target and the UK Government’s Climate 
Change Act play a significant role in driving policies for the development of the sector. Under 
the EU renewable energy directive, the UK is committed to deriving 15% of its energy needs 
from renewable energy sources. However there are concerns that at the current rate of 
progress, this target may not be met especially for the heat subsector, where it is not yet 
halfway towards the 12% target (Commons Energy and Climate Change Committee, 2016b).  
However it was noted that of all the renewable heat technologies, biomass has been 
successful and as opposed to heat pumps, which have under-performed in practice even 
though it has been given priority. Further, there are concerns that the renewable energy 
targets may be scrapped as a result of Brexit. Concerning the Climate Change Act, an 
assessment by the Committee on Climate Change (2016b) indicate that the first carbon 
budget (2008 to 2012) was met and the UK is currently on track to outperform on the second 
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(2013 to 2017) and third (2018 to 2022). However, it is not on track to meet the fourth (2023 
to 2027).   
These shortcomings indicate that the assumptions, which imply that policy driven targets will 
be met and hence will drive the deployment of bioenergy technologies and the development 
of the sector, is not a guaranteed outcome. This adds to the uncertainty of sector and may 
adversely affect its growth or it may be an opportunity to drive the sector to be more 
competitive and commercially driven with less dependence on governmental support. 
Currently, it is unclear which way the sector will go and how resilient it will be if the targets 
that have so far driven its emergence and development are not pursued and met. The next 
point looks at the role of expert analysis and their assumptions on the role of bioenergy over 
the years as part of the policy development process. 
The Significance of Expert Analysis and the Changing Role of Bioenergy over time. Over time, 
the policy reports depicted a declining role for bioenergy mainly due to expert scenario 
analysis. Before the use of expert analysis in 2007, biomass was regarded as being central to 
meeting climate change and sustainable development objectives, which includes providing 
socio-economic benefits (DEFRA, DTI, and Dept. of Transport, 2007). By 2009, the Renewable 
Energy report (DECC, 2009) also indicated that the bioenergy sector was to provide the largest 
contribution to meet the renewable heat targets.  However within the report, there were 
indications that heat pumps may play a greater role due to new expert analysis and evidence. 
Further, by the year 2012 the biomass strategy report (DECC, 2012) proposes that mainly due 
to environment and resource concerns and drawing from previous expert evidence, the 
bioenergy sector will have a less significant role in the decarbonisation of buildings with a 
greater contribution in the industry sector. Also the role of bioenergy in providing renewable 
heat was constrained to a less ambitious target of around 6% of total energy needs 
corresponding to 30-35TWh by 2020. Finally, by the years 2012 and 2013, further expert 
evidence on biomass technology deployment indicated similar patterns so that bioenergy is 
only given a transitional role for commercial and domestic buildings.  
A retrospective review of the role of bioenergy technologies over the years reveal a different 
scenario from that predicted by the experts.  For instance solid biomass technologies are by 
far the dominant technologies especially in the commercial buildings and are also the most 
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popular technology for new accreditations in the domestic sector (RHI annual report, 2016; 
Committee for Climate Change, 2016). The success of biomass technology over heat pumps 
whose deployment is much less than predicted was also recently reported by the Committee 
of Climate Change (2016) Furthermore, the limited target assigned to bioenergy to meet 
renewable heat target for 2020, have already been surpassed in 2016! According to (DUKE 
2016), bioenergy provided 38TWh of renewable heat, already exceeding the targeted 30-
35TWh by 2020 target. This goes to show that bioenergy is relatively easy to be deployed to 
meet targets and to contribute to low carbon heat for buildings given the right incentives. 
Finally, for sustainability concerns, the Wood Heat Association, (2016) reveal that actors in 
the bioenergy sector currently perform better than the sustainability requirements imposed 
by the RHI scheme, indicating that the sector has the capacity to develop sustainably.  
Therefore, given that the deployment of bioenergy technologies in the commercial and 
domestic sector have exceeded uptake levels and sustainability requirements and the uptake 
of heat pump may be less than predicted, it may be time to reconsider some of the expert 
predictions and their role in policy analysis. A critical review of the role of expert analysis 
indicates that cost optimisation is the overriding consideration and setting for all the scenario 
analysis with limited consideration for other factors particularly the impact and influence of 
policy/incentives on technology adoption and deployment (NERA/AEA, 2009 and 2012; ETI, 
2012). Also it has been observed that the policy development process is overly dependent on 
expert scenario analysts (CHPA, 2010; interview 1,4,5,11,42) Accordingly, the wood pellet 
distributor in his interview stated that taking policy advice mainly from ivory tower experts 
and non-commercial interest groups rather than people that know how the market works is 
detrimental to the development of the sector (Interview 4). Thus the assessment of the policy 
development process in the RELISC framework has revealed that the assumptions 
underpinning the sector are not certain or guaranteed because the process is disjointed and 
lacks continuity, policy driven targets that drive deployment may not be met and expert 
predictions about the role of bioenergy have not stood the test of time. Recommendations 
for a better policy development process are outlined in chapter 12. The next section discusses 
the role of action spaces in institutional mapping.  
Benefits of Action Spaces as part of the Institutional Mapping Process Institutions and their 
action plans/policies that were identified from the policy development process and from 
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sector actors were evaluated by examining the progress and implementation of the action 
plans and policies. The evaluation process was based on action spaces also characterised by 
the policy development process and sector actors. As previously defined, action spaces are 
areas of interactions between institutions and actors concerning key issues that are identified 
as critical in achieving the growth and resilience of the sector and they include the sustainable 
management of resources and environment, the development of skills, quality and networks 
and thirdly ensuring cost-effectiveness/financial incentive, innovation and infrastructure. The 
identification of the action spaces helped to facilitate the evaluation process by highlighting 
the complex interactions between institutions and sector actors within these crucial areas 
and also to determine not only the rules and governance of the action spaces but also the 
role of actor perceptions and decisions regarding the governance and implementation 
strategies of the policies and plans in the action spaces. Institutional mapping and analysis 
based on action spaces are useful because it helps to focus efforts towards a particular goal 
especially if the goal is to induce social change, policy or institutional reform (Ostrom, 1990; 
McGinnis, 2000; McFadden et al., 2010). Thus the final results of the evaluation process in 
chapter 6 which is the identification of implementation drivers and shortcomings as well as 
sector level vulnerable aspects in each action space, indicate the successes and limitations of 
institutional governance mainly based on the experiences and perception of actors and the 
vulnerable aspects which highlights areas that are at risk of not meeting particular goals for 
the sustainable development of the sector. This is a key and useful aspect of the RELISC 
framework because it uses the concept of action spaces to explicitly identify specific areas at 
the sector level that need to be addressed within each action space, which are critical areas 
for sector development. This helps in the identification of relevant and specific strategies and 
actions to improve the implementation and governance of those areas so that the specific 
sector development goals can be achieved.  Further a unique application of the RELISC 
framework is the use of the action spaces and corresponding processes in value/supply chain 
analysis to determine the implication of institutional (external) and supply chain (internal) 
governance in the case study supply chains. This introduces a useful dimension to value chain 
and supply chain analysis. This is later discussed in this chapter and in chapter 12 in relation 
to the contributions of the RELISC framework to the VCA and SLA methods. The next section 
now highlights key Insights from the comparative analysis of case study results. 
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 11.3  Key Insights from the Comparative Analysis of Case Study Results  
This section now discusses key insights from the case study chapters (7-9) and from chapter 
10 in particular, which presents the results of the comparative analysis of the case studies. It 
highlights and discusses the implications of supply chain structure, internal and external 
governance patterns and capital resources and also discusses insights from the holistic 
assessment of all the factors in the RELISC framework, indicating the impact of the 
relationships between the different factors as well as the impact of actor decisions and 
perceptions. Finally the role of all the factors, including supply chain resilience principles in 
deriving supply chain capabilities and socioeconomic benefits are outlined.   
Supply chain structure has an impact on socioeconomic outcomes, supply chain 
development and resilience. Given that the wood fuel sector is emerging and fragmented, 
wood fuel supply chains tend to be intertwined with other related activities so that wood fuel 
resources are produced as by-products of related industries in an informal and diffused 
manner. Therefore there is a need to determine the actual structure of the supply chains to 
reveal the firms or part of the firms that are involved in wood fuel activities to facilitate its 
assessments and impact on socioeconomic and supply chain development outcomes. This has 
been identified in literature (Van ejick et al, 2012; Lloyd and Dey, 2014) and it constitutes part 
of the objectives of this research. The RELISC framework meets this gap by not only mapping 
the supply chain configuration, firms and the governance between actors but it also tries to 
understand their impact on socioeconomic benefits and supply chain development: Firstly, as 
indicated in chapter 10, a common supply chain configuration revealed that all the lead firms 
in the three supply chains start as off shoots or are subsidiaries of existing companies. This 
type of supply chain configuration that has links with a parent or host company has a positive 
impact in securing support and resources from a parent company for its establishment as well 
as using the parent company as a fall back option in case of failure. The availability of an 
alternative option encourages the establishment of wood fuel supply chains supply chain and 
facilitated expansion in spite of the potential risk of failure in an emerging sector. Also, all the 
lead firms have different key firms within the supply chain that they are significantly 
dependent on. This is a disadvantage for supply chain resilience in case relationships fail and 
there are no ready alternatives. It can also lead to loss of market share and income if critical 
activities are halted or reduced as a result. However as described in chapter 10, it also 
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provides mutual benefits in terms of access to resources, links with customers and supply 
chain expansion.  
 
Each internal governance patterns has a major role in specific action spaces and processes 
which impact on supply chain/ sector development and resilience. Supply-chain-wide co-
ordination, relational governance and collaboration within actors in the chain are seen as 
important for competitive bioenergy chains although it is an under explored aspect of supply 
chain management (Buchholz et al., 2009; Gold et al. 2010; Suering and Gold, 2011; Lloyd and 
Dey, 2014; Mafakheri and Genus, 2014). Identifying and examining the governance patterns 
between firms and actors is an objective of this research. In the RELISC framework it goes 
beyond revealing how and who governs the activities of the supply chains as done in 
traditional value chain analysis (Kaplinski and Morris, 2001; Challies and Murray, 2011; 
Anaglo, 2011) but goes further to determine how the governance patterns and relationships 
have emerged and evolved to meet certain needs in action spaces and their corresponding 
processes which are essential for deriving socioeconomic benefits and sustainable supply 
chain and sector development. Thus the implications of the internal governance patterns 
indicate the role of the internal governance in meeting those needs as outlined below:  
• The hierarchal governance pattern is important for achieving cost effectiveness and 
financial support, which are necessary for supply chain establishment and expansion 
because all the supply chains have been financially supported at the initial stage and 
cost effectiveness is necessary for continued operations.  
• The balanced governance helps to ensure timber supply availability, in the process of 
sourcing sustainable resource (SSR). It is also responsible for providing access to 
premium market and premium prices thereby improving the income of woodland 
owners and timbers suppliers. 
• The buyer driven governance pattern emerged as a result of the need to meet the 
needs of customers cost effectively, through ESCOs, long-term contracts and better 
delivery services; its role is important given that maintaining and improving customer 
demand is critical for wood fuel supply chains. 
• The producer driven governance pattern is important to ensure that small-scale 
producers are complaint to environmental and wood fuel quality standards, which are 
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required for continued operations and resilience. It also provides opportunities for 
small-scale producers to be part of the chain and its benefits.  Thus the lack of this 
governance pattern in the wood pellet supply chain implies a loss of opportunity for 
small-scale timber suppliers in its vicinity.   
• The market based or arms-length governance in the wood pellet supply chain is 
employed to take advantage of cheaper timber prices when available through spot 
markets and auctions. It was also used by the wood chip and the wood pellet supply 
chain initially but evolved to a balanced governance pattern in the wood chip supply 
chain because of the greater need to ensure long term timber availability through 
contracts. It has been retained in the wood pellet supply chain in conjunction with 
balanced governance five year contracts because of the relatively higher cost of 
feedstock in the chain and hence a greater need to source for cheaper options to 
maintain cost effectiveness.  
 
Thus the RELISC framework has helped to determining how the governance patterns have 
evolved and their different roles in meeting critical needs in the action spaces and processes, 
which include environmental, resource, social, end-user, financial and cost effectiveness 
needs. The identification of these specific roles will help actors in the supply chain to examine 
where a governance pattern and related actors are not functioning properly because its 
particular impact or role is performing less than expected. For example the timber resource 
shortages in the wood log supply chain can be directly linked to the balanced governance 
between the timber supplier and the lead firm.  It will also help actors to realise and fully 
exploit further benefits from a particular relationship or governance pattern. For instance 
actors in a hierarchal relationship with links with a parent or host company host may explore 
opportunities or avenues to communicating needs and accessing funding from parent firms if 
they not currently do so.  This assessment of the governance patterns in action spaces that 
cover a wide range of environmental social and economic issues are unique to the RELISC 
framework and its is made possible because the governance patterns are linked to different 
specific action spaces. This is not the case with value chain analysis (VCA) and sustainable 
livelihood studies (SLA). In VCA studies, the governance pattern is seen as power relations 
that impact on the ability to gain socioeconomic benefits or access to global markets (Sims, 
2006; Anaglo, 2011). Thus the focus is narrow, considering only socioeconomic gains. On the 
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other hand, in the SLA, the assessment is geared towards a broad goal i.e. poverty alleviation. 
In particular, its five capital assessment is used to indicate gaps in resources as barriers to 
achieving poverty alleviation. However, poverty alleviation could be elusive to measure and 
address if it is not broken down to specific and measurable components or ‘action spaces’. 
This shows the utility of action spaces, which are broken down to specific processes so that 
problems can be identified and addressed in relation to a particular goal. In conjunction with 
external and internal governance pattern analysis it helps in the development of strategies 
targeted at relevant actors or institutions.  
Some internal governance patterns and external governance patterns have similar roles at 
the micro and macro level and some institutions exhibit a combined governance pattern in 
practice. To start with, executive governance is mainly used in providing financial support at 
the sector level and it is similar to the hierarchal internal governance pattern at the supply 
chain (micro) level. There are also similarities between the legislative/executive governance 
pattern, which provides regulatory support and the balanced internal governance pattern 
because they both have a major role in the sustainable management of resources and 
environment action space and both involve significant information exchange and mutual 
support. Further, some institutions exhibit combined governance patterns. For instance the 
legislative /judicial type of governance pattern employed by OFGEM is required for air quality 
management (AQM) because of the need for legislation and enforcement in ensuring 
compliance to air quality standards and the executive/judicial governance pattern is required 
for wood fuel quality certification organisations for supporting the development of wood fuel 
quality skills and enforcing non-compliance or fraudulent representations.  
The similarities in role between these internal and external governance patterns can 
encourage macro-micro i.e. (supply chain-sector linkages) through collaboration and 
information flows between the supply chain actors and the institutions involved in the 
particular action spaces and processes. For instance, woodland owners and timber suppliers 
can work in collaboration with the Forestry Commission in the process of sourcing for 
sustainable resource and information regarding constraints in accessing financial support can 
be provided to grant providers to facilitate that process.  This intentional macro-micro 
collaboration and information exchanges towards a common goal is another insight 
generated from the application of the RELISC framework. Usually, macro-micro links in VCA 
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and SLA studies portray institutions as power wielding entities that either have a positive or 
negative impact, while the actors are seen as beneficiaries or victims. For instance, Challis and 
Murray (2010) indicate that lack of institutional support constrained raspberry farmers from 
gaining access to markets, without information on how or if relevant institutional and supply 
chain links have been established. Also Anaglo (2011) noted that poor access to credit was a 
major constraint for cassava farmers without exploring the underlying reasons for this or 
seeking avenues to exchange information with the credit givers so that a common interest or 
goal can be established to facilitate mutual cooperation. The lack of macro-micro 
collaboration or links in the studies is probably because most of the studies are in the 
developing world. Nevertheless, looking for avenues to cooperate to meet mutual needs 
towards a common goal will be beneficial in both developing and developed countries.   
Further identifying combined governance patterns from institutions is novel and it is a 
reflection of reality because most institutions portray more than one type of governance 
patterns especially in emerging sectors where institutional support i.e. executive governance 
is needed in addition to other patterns of governance. However institutions with combined 
governance patterns have a tendency to lean towards a particular governance pattern. For 
instance OFGEM exhibits a legislative /judicial governance in the management of air quality 
but it has been criticised for not having a more robust enforcement regime i.e. judicial 
governance, in the management of air quality even though its legislation is regarded as fit for 
purpose (Interview 25, Environment protection, 2013). 
Different capital resources were essential as initial drivers for establishing the chains and 
for continued operations. The impact of local conditions and available resources has been 
identified as critical to decisions regarding bioenergy chains and the ability to derive 
socioeconomic benefit (Buchhloz et al. 2009; Scott et al. 2012). In addition to this it has been 
observed in this work that the availability of certain resources are more critical than others in 
the decisions to take part or establish the different supply chains. The availability of different 
local resources was a key driver for the different supply chains. For instance, the availability 
of substantial local natural resource was one of the essential initial drivers for all of the firms 
in the wood chip and wood log supply chains reflecting the importance of local supply chains 
and resources for both wood fuel products (chip and logs) given their low density and high 
volume.  
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For the wood pellet supply chain, human resource from its parent company was critical in the 
process of acquiring significant private equity funding for its establishment, which may not 
have been possible without the funds given that it is a large scale pellet manufacturing facility. 
Also knowledgeable and experienced personnel are required for the continued operations 
and manufacture of premium quality pellet. Similarly, in the wood log supply chain, it was the 
innovative ability to kiln dry wood that played a major role in the establishment of the wood 
log-specialist producer’s business. For all the supply chains and most of the firms, private and 
institutional financial funding significantly contributed to the establishment and subsequent 
expansion of the business or supply chain.   
The identification of crucial capital resources in the establishment and continued operations 
of the supply chain is necessary, so that adequate plans can be made to provide and manage 
these resources during the establishment and operations of the chains. For instance the 
failure of the small-scale pellet machine was due to in adequate financial resources to get a 
commercial pellet machine and lack of competence and experience in commercial pellet 
manufacturing.  
11.3.1  Holistic Assessment: Relationships between the Factors and the impact of actor 
decisions and perceptions   
Exploring the relationship between the wide range of factors studied in the RELISC framework 
and examining the impact of actor decisions and perception is a key part of a holistic 
assessment based on a people–centred approach. It is particularly necessary here because 
wood fuel supply chains are not only emerging they are complex systems embedded within 
social, economic, environmental and regulatory contexts as well as being influenced by the 
decisions, resources, perceptions of a wide range of stakeholders (Buchhloz et al., 2007; Vis 
Martijn, 2012). The following outlines and discusses the significance of these relationships for 
accessing socioeconomic benefits, supply chain development and sector growth.  
Supply chain structure and access to resources determine the type governance patterns and 
the benefits derived. Supply chain configuration such as a high dependency on the lead firm 
and limited access to resources may create a producer driven governance. For instance the 
wood chip contractor receives 65% of his turnover from the woodchip lead firm and depends 
on facilities provided by the lead firm. Similarly, the small-scale producer in the   wood log 
supply chain depends on the custom of the wood log lead firm.  Also a supply chain 
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configuration that has significant links with a parent or host firm would feature a hierarchical 
governance pattern. Further, access to significant and unique resource tends to create a 
balanced governance pattern between actors and the lead firm. For example, the balanced 
governance pattern between the wood pellet lead firm and the major pellet distributor is 
facilitated by the 15 distribution centres that the major pellet distributor can provide and its 
ability to subsidise training for employees in the wood pellet lead firm. Also the wood log lead 
firm balanced relationship with the specialist wood log producer resulted from the need to 
sell kiln dried log to meet customer requirements. On the other hand, producer driven 
governance pattern exists between the lead firm and the small–scale wood log supplier. 
 A balanced governance relationship is built on mutually agreed benefits and responsibility 
and it is less restrictive compared to the producer driven governance pattern, where terms 
for operations and benefits are decided by the lead firm. Therefore, given that assets create 
a balanced governance, a producer in a producer driven governance may be able to change 
to the more favourable governance patterns by acquiring necessary or unique assets which 
may include competence in organisation and logistics operations as well as other capital 
assets. This type of upward movement is called upgrading in the value chain analysis literature 
(Kaplinski and Murray, 2001; Humphrey and Schmitz, 2001; Anaglo, 2011). In practice, plans 
to upgrade are usually limited by a range of factors including capital, cultural and institutional 
factors (Anaglo, 2011; Hamilton-Hart, 2015). Also, it is highly dependent on the actor 
decisions and efforts. For example, the small-scale producer is unwilling to expand his 
operations and employ staff despite growing demand (Interview 18), so it is unlikely that he 
will upgrade his activities if given the opportunity. The impact of actor decisions and 
perceptions are discussed later in this chapter.  
Capital resources affect the effectiveness of governance patterns, governance pattern in 
turn provide or limit capital resources at the supply chain and sector level The following 
highlights several examples as indicated in chapter 10, that portray these interrelationships 
at the supply chain and sector level. Firstly, at the supply chain level, limited capital resources 
affect the extent to which socioeconomic benefits can be harnessed from internal governance 
relationships. For example, financial constraints limited the decision to train wood chip supply 
chain employees as apprentices in Europe, leading to a loss of opportunity for the employees. 
Also, limited capital resources can help to highlight areas where a governance pattern or 
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relationship are failing, for example lack of timber resources at busy times in the wood log 
supply chain indicates a malfunctioning balanced relationship with timber suppliers. Finally, 
it is observed that although a governance pattern can provide a capital resource for supply 
chain actors, a lack of another type of resource may limit the benefit that can be derived; for 
example human expertise and knowledge provided to woodland owners is useful for the 
mutual information exchange (balanced governance) between the wood chip lead firm and 
timber suppliers to ensure sustainable timber supply. However, some timber harvesters 
require adaptable machinery for hard to reach terrains so they are limited in putting the 
knowledge and expertise to use.  
Secondly, governance patterns provide and limit capital resources. For instance hierarchical 
governance in all the supply chains provide financial resources in the wood chip and wood 
pellet supply chain and woodland resources in the wood log supply chain. On the other hand, 
the (balanced) partnership between the lead firm and the major pellet distributor facilitates 
an expensive and time consuming rigorous quality control procedure, which in the long run 
may benefit the supply chain from the sale of premium pellet but initially it requires 
considerable human, financial and time resources. 
At the sector level, capital resources have been shown to be a limitation. For instance, limited 
personnel to monitor compliance to the felling license regime and UK Forestry standards and 
the lack of familiarity and know-how by the local authority in relation to planning applications 
for wood fuel supply chain hubs and biomass CHP. Also financial and time constraints act as 
a limitation; for instance small wood and owners are unwilling or unable to pay for chain of 
custody fees for certification and time required to take time off work and the expense of 
training courses limit some supply chains actors. Also, social capital derived from other supply 
chain actors apart from lead firm management, such as timber suppliers, sawmills, 
distributors, end users and haulers are required for better representation of all relevant 
interests in wood fuel lobby and networking groups. 
In sum, the significant interrelationships between governance patterns and capital resources 
highlighted here help to show that governance and relationships between actors may be a 
key underlying reason for capital availability or scarcity. On the other hand, limited resources 
may have resulted from bad governance practice rather than a physical limitation as shown 
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in the example relating to lack of timber resources at busy times in the wood log supply chain. 
Thus an important aspect of the RELISC framework is that it investigates the availability or 
limitation in capital resources based on a systems perspective that engages with supply chain 
and institutional relational governance. This is unique and it results from the depiction of the 
implications and role of both internal and external governance patterns in different 
environmental, social, financial and infrastructural action spaces action so that the impact of 
relevant capital on the governance pattern is easily assessed and vice versa. Other studies 
have characterised the role of the governance patterns in the supply chains based the 
production of supply chain goods and services alone and the ability to gain socioeconomic 
advantage. They have limited considerations of the wider environmental, social and sector 
development implications of the governance patterns (Kaplinski and Morris, 2001; Sim, 2006; 
Anaglo, 2011; Challis and Murrey, 2011). Thus an assessment of the impact of the five capital 
on the governance patterns and vice versa is limited. Further, in addition to the traditional 
five capital resources, lack of time and information were revealed to be important limiting 
factors also. Therefore they can be considered along with the five capital assessments as done 
in the RELISC framework.  
In-adequate organisational processes and implementation strategies create vulnerable 
aspects in the sector. In chapter 6, evaluating the implementation of policies and 
programmes in action spaces that are crucial to supply chain/sector development and 
resilience helped to identify vulnerable aspects of the system.  This type of assessment is 
unique to the RELISC framework compared to other sustainable livelihood approaches 
because it is able to determine how limitations in organisational processes and 
implementation strategies create adverse trends in relation to specified action spaces. Given 
that the action spaces are crucial to supply chain and sector development, addressing the 
vulnerability aspects will help in achieving supply chain /sector development.  Three key 
vulnerability aspects have been chosen to discuss here. They include limited domestic 
resource availability, lack of accurate and timely information and finally technology 
innovation and the provision of infrastructure. 
Concerning limited domestic resource availability, the issue goes beyond a physical limitation, 
given that various studies reveal that there are considerable domestic resource that have not 
yet been harnessed (UKERC, 20011, AEA, 2011; DEC, 2012). For instance (DECC, 2012) states 
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that biomass feed stocks could sustainably provide between 8 and 11% of the UK’s primary 
energy demand in 2020 rising to between 10% and 14% in 2030, where perennial energy 
crops uptake could be between 0.62-2.43 Mha, compared to the current 0.01 Mha. Also, 
supplies from UK forests were expected to increase with around 10 Million green tonnes of 
wood each year from woodlands and forests. A major underlying factor that have limited this 
potential are a range of shortcomings in the organisational processes of institutions that are 
supposed to facilitate domestic resource availability. These shortcomings were identified in 
chapter 6. They include short-term funding, funding gaps, changes in the criteria for funding 
as well as limitations in meeting the needs of potential actors. Other shortcomings such as 
long and complex application processes and bureaucracy also limit actor interests in both the 
energy crop scheme and the Forestry Commission woodland planning grant, which are two 
major programmes to increase resource production and availability. For the energy crop 
scheme a potential of 40,000 hectares has only produced 10,000 hectares (DEFRA, 2015) and 
for the Forestry Commission, the plan to bring woodland into management show slow 
progress from base line of from 52% in the base year 2011 to 58% in 2015 (Forestry 
Commission, 2015).    
Further, the provision of accurate and timely information and the training of local 
government planning officers for renewable energy planning applications is another 
vulnerable aspect that has been hampered by the closing down and limited funding of key 
biomass related information websites, programmes and organisations like the Biomass 
Energy Centre, the expert support network and the planning advise service for renewable 
energy planning and the Energy Saving Trust.  
Furthermore, technology innovation and the provision of infrastructure are critical vulnerable 
aspect that have been beset by changes in institutional structures as in the LCICG, impromptu 
cancellations as in the CCS competition and the Zero carbon policy and a general lack of 
political will. In particular for the wood fuel sector, institutional instability, short-term 
funding, gaps and changes in the criteria for funding create uncertainty and affects uptake 
levels.  For example, the frequent regression of support for small-scale biomass systems in 
the domestic renewable heat incentive scheme led to significant reduction in the uptake of 
the domestic RHI. Also there seems to be a gap in capital funding for wood fuel technologies 
and supply chain infrastructure which may still be required to stimulate the sector, given that 
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the RHI only pays out to those with a biomass systems. Therefore, capital grants are still 
needed as a first step to acquiring those systems before they can be funded by the RHI.  
Finally, a potential vulnerable aspect of the system may be created due to inconsistent and 
inadequate monitoring procedures of some certification schemes and also the RHI BSL list, 
this is because they fail to detect and effectively penalise fraudulent practices and false 
representations in both schemes. These practices undermine the system, defeats the purpose 
of the schemes affects end-user confidence and harm the reputation of the sector.  
Actor Perception, Attitudes and actions affect uptake levels and supply chain/sector 
development. A people centred approach, which takes into account people’s perception, 
attitudes and goals in one of the key elements of the RELISC framework. This is because 
people are at the centre of the decisions and actions that will bring about increased 
deployment of wood fuel technology, supply chain development and resilience. According to 
Chris Huhne in the DECC 2050 pathway analysis report (DECC, 2010 pp. 2), “Creating a low 
carbon economy will require the consent and participation of citizens.” Also, Elghali et al., 
(2007), indicates that the development of the sector is dependent on the willingness of 
investors, developers and suppliers to enter the market, based on an assessment of the 
potential risks and rewards. Thus, the people centred approach undertaken by the RELISC 
framework goes beyond meeting people needs and concerns or determining how other 
external factors such as capital resources, local conditions and institutional factor affect 
people’s access to socioeconomic benefit, which is the general approach of most sustainable 
livelihood approach studies (DFID, 1999; Challies and Murray, 2011; Anaglo, 2011). Rather, 
the RELISC framework also portrays people as active participants and tries to understand and 
take into account the impact of their attitudes and perception and i.e. factors within them on 
their decisions concerning the wood fuel sector.  
For instance in the establishment of the supply chains, the success and failure of strategies 
that were employed to deal with the uncertainty and risks involved in setting up a wood fuel 
supply chain were partly dependent on the actors’ perception to risks. A wrong perception of 
the risks such as thinking that wood fuel technologies will be easily employed in the UK as in 
Scandinavian countries by the wood chip-lead firm directors and the inability to determine 
what are the necessary requirements in the wood pellet-sawmill led to a lack of preparedness 
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and avoidable problems and challenges in both supply chains. On the other hand a right 
perception of risks and requirements enabled good preparations and mitigation plans before 
establishment in the wood pellet-lead firm. Further, in the wood log supply chain, in spite of 
fact that seasoned wood logs run out in the middle of winter, the small-scale producer is not 
willing to expand his operations because of the paper work involved in employing another 
person. Also the programme to bring woodland into management is partly hampered by the 
wrong attitude and perceptions of woodland owners towards felling trees and the inflexible 
plans and different objectives they have for their woodland in addition to their lack of trust 
of the governmental bodies. Highlighting the impact of these internal perceptions and 
decisions will help in building strategies that address them for sector and supply chain 
development.  
As stated above, perceptions and attitudes are only part of the issues affecting actors. In 
accord with traditional sustainable livelihood approaches, external issues such as lack of 
capital resources and unfavourable government legislation also have an adverse impact on 
decisions to participate in the wood fuel sector. For example, the wood chip-energy crop 
producer required energy crop harvesting equipment within his locality and the removal of 
energy crop incentives limited his expansion plans. Further shortcomings in the 
implementation of institutional programmes such as lack of information and complex 
application processes limits participation and interest in the sector.  On the other hand, 
favourable local conditions and the availability of resources as well as government funding 
facilitated decisions to go into wood fuel in all the supply chains. Further supportive 
governmental statements such as the “greenest” government ever’ created a positive 
renewable business environment that influenced the establishment of the wood pellet supply 
chain.  Thus an assessment of the impact of external factors and internal factors relating to 
attitudes and perceptions on actor decisions concerning the wood fuel sector is an important 
contribution of the RELISC framework. 
Supply chain resilience is assessed to determine supply chain capabilities and linked 
vulnerabilities in order to achieve sustainable supply chain and sector development 
outcomes. Supply chain resilience is referred to: 
“adaptive capabilities of the supply chain to prepare for unexpected events, 
respond to disruptions, and recover from them by maintaining continuity of 
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operations at the desired level of connectedness and control over structure 
and function”(Ponomarov and Holcomb, 2009 pg 11).  
The capabilities are derived from supply chain resilience principles that deal with both 
external events and disruptions as well as disruptions internal to the firm related to processes 
and control and those risks external to the firm but internal to the supply chain network 
dealing with demand and supply issues. Thus the objective of supply chain resilience is to 
continue supply chain activities by managing both external and internal risks, which are 
referred to as vulnerability factors. The RELISC framework on the other hand, also takes into 
account both external and internal vulnerability factors with an emphasis on internal 
vulnerability risk factors because of its ability to explore the implications of supply chain 
internal governances and a growing realisation that although there are risk associated with 
disturbances from the external environment such as wars, epidemics and earthquakes, 
modern supply chains are more at risk from internal disturbances due to a lack of 
understanding in managing relationships within the supply chain network and a failure to 
identify and mitigate vulnerabilities (Christopher and Peck, 2004; Pettit et al., 2010). More 
importantly, the RELISC framework also considers that external vulnerability factors relating 
to environment and sustainable issues can also be controlled and mitigated to a large extent 
by managing internal supply chain activities. Thus it adds an additional objective for supply 
chain resilience that goes beyond ensuring continued supply chain operations and activities 
to ensuring sustainable sector and supply chain development by explicitly adding a 
sustainability dimension to supply chain resilience goals. This allows for a broader assessment 
of supply chain capabilities beyond supply chain continuity and economic viability to include 
environmental and social issues assessed within its action spaces and processes. 
Furthermore, the RELISC framework is able to examine the underlying factors that build these 
capabilities. This is done by highlighting how the supply chain principles that are the basis for 
supply chain capabilities can be derived and enhanced through supply chain internal 
governance patterns, access to resources, compliance to external governance and supply 
chain/organisational structures and practices. On the other hand it also examines supply 
chain shortcomings in relation to the supply chain resilience principles, which are referred to 
as supply chain vulnerabilities that arise from limitations in governance, resource, compliance 
and organisation structure and practice. The assessment of supply chain capabilities and 
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vulnerabilities based on assessing these underlying factors of supply chain resilience 
principles is an important contribution of the RELISC framework. From the literature review, 
a number of frameworks have been developed to assess supply chain resilience (Elleuch et 
al., 2016) but they were focused on an aspect of the supply chain and were also more 
applicable to the particular industry studied (Spiegel et al., 2012 and Carvalho et al., 2012). 
Also some others were focussed on external disruptions (Abolghasemi et al., 2015; Cardoso 
et al., 2015). Furthermore, some studies either looked at chain capabilities or vulnerabilities. 
For example, Ponomarov and Holcomb (2009) utilised capabilities to assess resilience based 
on a narrow focus; competitive advantage and Blackhurst et al., (2011) developed capabilities 
mainly in terms of capital resources, which is only one aspect of possible capabilities. On the 
other hand, supply chain vulnerability alone was considered in the following studies; Peck 
(2005); Wagner et al., (2006); Wagner et al., (2010); Wagner et al. (2012) and Vlajic et al., 
(2012) using quantitative analysis. In sum, the RELISC framework provides an avenue to assess 
both supply chain capabilities and its related vulnerabilities in order to mitigate internal and 
external vulnerability factors including wider social and environmental sustainability factors 
by using relevant actions spaces to ensure both supply chain and sector continuity and also 
their sustainable development.  
 
Socioeconomic benefits are derived from supply chain capabilities in addition to access to 
resources, internal governance patterns, compliance to external governance and 
organisational structures and practices. An initial review of the sector presented in chapter 
1 revealed that socioeconomic factors where important in the establishment, development 
and resilience of the sector and its supply chains. It was also observed that the impact of 
socioeconomic factors are largely dependent on a number of factors such as national, local 
and regional regulatory/institutional contexts as well as company structure, organisational 
practices, processes and governance (McCormick, 2005; Domac et al., 2012). In addition, the 
nature of capital investment, actor decisions and the availability of resources and 
infrastructure are also key factors (Van ejick et al., 2012). However, traditional socioeconomic 
approaches have not adequately taken these factors into account (Tromberg et al., 2007; Cruz 
Jr. et al., 2009; Gnos and Rochen, 2011; Cleary et al., 2015).  This is because the focus of these 
traditional approaches is to determine what the   socioeconomic impact of a bioenergy 
project rather than investigating the underlying dynamic factors that facilitate or limit access 
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to these benefits. The application of the RELISC framework has helped to determine how 
socioeconomic benefits can be derived from those factors mentioned above and also from 
supply chain capabilities based on the principles of supply chain resilience.  A few key 
examples are outlined below, drawn from chapter 10.   
Firstly, supply chain establishment and development which generated a significant number 
of local jobs as well as contracts for timber suppliers and woodland owners and a high 
turnover of up to £20 million in the pellet supply chain in particular, was enabled by significant 
capital investment and access to critical capital resources from parent or host companies, 
which were driven by an awareness and visibility of supply chain requirements.  
Secondly, improved profit margins, reduced cost and additional income are derived from 
flexibility in sourcing from spot markets and auctions based on an arms-length governance 
pattern in the wood pellet supply chain, flexible and adaptable arrangements based on a 
balanced governance pattern with the timber suppliers and an energy crop supplier in the 
wood chip supply chain. As well as the flexible use of woodland thinning waste and the sale 
of kiln-dried wood due to buyer–driven customer demand in the wood log supply chain.  
Thirdly, increased market share with higher prices and increased customer base are derived 
from supply chain capacity such as the ability to meet, surpass and maintain requirements for 
good quality premium pellet in the wood pellet supply chain, the ability to provide unique 
value added customers services i.e. the remote sensing facility and long term customer 
contracts in the wood chip supply chain and the production of kiln dried logs and HETAS 
certification in the wood log–specialist producer firm provide competitive advantage. 
Fourthly, networking opportunities and new business partnership, a unified voice to the 
Government, improved public awareness and acceptability of the sector are derived from 
membership in the pellet council, national and local trade groups in the all the supply chains   
Fifthly security in terms of continued operations, ensuring market position and reputation are 
derived from compliance with external /institutional environmental governance such as the 
felling licenses and UK forestry standard requirements in all the supply chains and the RHI 
land criteria in the wood chip and wood pellet supply chains.  These also help to ensure the 
availability of sustainable feedstock over the years to the future.   
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Finally, security in terms of avoiding tree disease from imports and also increased demand 
and hence income for indigenous wood log suppliers is facilitated by the specialist producer’s 
decision not to use imports in spite of timber supply shortages in the wood log- supply chain 
and its GIB certification respectively. 
11.4 Summary of Discussion 
In order to determine factors and strategies for supply chain development and resilience of 
the wood fuel sector, the RELISC framework was developed and employed to holistically 
engage with a wide range of complex issues affecting the socioeconomic aspects of the sector, 
which was seen as critical for the growth and resilience of the sector. The results of applying 
the framework have drawn some significant insights.  
For the institutional mapping and policy development review at the sector level, it was 
revealed that the assumptions underpinning the sector are not certain or guaranteed because 
the process is disjointed and lacks continuity, also policy driven targets that have been driving 
bioenergy technology deployments may not be met and expert predictions about the role of 
bioenergy have not stood the test of time, indicating a need for more extensive consultations 
with sector and supply chain actors who are more knowledgeable and experienced with the 
commercial and practical aspects of the sector rather than ivory tower experts and non-
commercial interest groups.  
Further, a key and useful aspect of the RELISC framework is that it uses the concept of action 
spaces. These action spaces represent areas of interactions between actors in the sector and 
supply chains on critical issues that are needed to ensure the growth and resilience of the 
sector. The identification of the action spaces helped to facilitate the policy and programme 
evaluation process by highlighting the complex interactions between institutions and sector 
actors within these crucial areas and also to determine not only the rules and governance of 
the action spaces but also the role of actor perceptions and decisions regarding the 
governance and implementation strategies of the policies and plans in the action spaces.  
The action spaces were also found to be useful at the supply chain level in determining the 
implications of internal governance, the impact of capital resources and the assessment of 
supply chain resilience. 
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At the supply chain level, three key insights were generated as follows; 
Firstly, supply chain structure has an impact on socioeconomic outcomes, supply chain 
development and resilience. For instance a structure with hierarchy governance can provide 
some mutual benefits in terms of access to resources, links with customers and supply chain 
expansion.  
 
Secondly, the RELISC framework not only identifies who and how the supply chain is governed 
but also helped to determine how internal governance patterns have emerged and evolved 
and their role in meeting different critical needs in the action spaces and processes. The 
identification of these specific roles will help actors in the supply chain to examine where a 
governance pattern and related actors are not functioning properly because its particular 
impact or role is performing less than expected.  
 
Thirdly, different capital resources were essential as initial drivers for establishing the chains 
and for continued operations, the identification of crucial capital resources in the 
establishment and continued operations of the supply chain is necessary, so that adequate 
plans can be implemented to provide and manage these resources during the establishment 
and operations of the chains.  
 
Furthermore, the holistic assessment revealed six key insights; firstly, supply chain structure 
and access to resources determine the type governance patterns and the benefits derived. 
This information may help actors to change their governance pattern by acquiring the 
necessary assets for more improved benefits.   
 
Secondly, capital resources affect the effectiveness of governance patterns, and governance 
patterns in turn provide or limit capital resources at the supply chain and sector level. This 
helps to show that governance and relationships between actors may be a key underlying 
reason for capital availability or scarcity On the other hand, limited resources may have 
resulted from bad governance practice rather than a physical limitation or scarcity.  
 
Thirdly, in-adequate organisational processes and implementation strategies create 
vulnerable aspects in the action spaces. Thus addressing these vulnerable aspect is critical for 
supply chain development, sector growth and resilience.  
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Fourthly, actor perception, attitudes and actions affect uptake levels and supply chain 
development. Here, the RELISC framework portrays people as active participants and tries to 
understand and take into account the impact of their attitudes and perception i.e. the factors 
within them on their decisions concerning the wood fuel sector as well as the external capital 
and governance factors.  
 
Fifthly, supply chain resilience is assessed to determine supply chain capabilities and linked 
vulnerabilities in order to achieve sustainable supply chain development and sector growth 
outcomes and finally socioeconomic benefits are derived from supply chain capabilities in 
addition to access to resources, internal governance patterns, compliance to external 
governance and organisational structures and practices. 
The next chapter provides the final conclusions of the work. First it outlines the theoretical 
contributions of this research to different disciplines. Secondly it evaluates the empirical 
contributions of the results, outlining recommendations and indicating how the research has 
met the research aims and objectives. This is followed by a discussion of the limitations and 
considerations for future work.  
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Chapter 12: Research Contributions & Conclusion 
12.1 Introduction and outline  
This research began by questioning the relatively low deployment levels of the UK bioenergy 
sector, in particular the UK wood fuel sector and the under-development of its supply chains, 
despite its importance in reducing UK carbon emissions and providing renewable heat. It also 
wanted to find out how to stimulate sector growth in terms of increasing deployment levels 
and facilitating supply chain development. These enquiries prompted an initial review, which 
revealed a range of barriers, particularly socioeconomic barriers, as well as human, physical, 
infrastructural and natural resources limitations. In addition, flawed implementation and 
governance of some major policies and institutional/organisational processes also limited 
growth. Further, the sector was found to be emerging with fragmented and intertwined 
supply chains which were vulnerable to change and uncertainty. Given the wide range of 
complex issues affecting the sector and the key roles of actors, the challenge of the research 
was to address these issues in a holistic manner, taking into account the perceptions and 
decisions of actors and stakeholders. This wider perspective required the development of a 
novel framework, dubbed the RELISC framework.  The RELISC framework is formed by 
adapting and integrating key components of the VCA and SLA frameworks, in addition to the 
principles of supply chain resilience.  
The aim of the research is to determine the factors and strategies for supply chain 
development and sector growth as well as its resilience to change and uncertainty. This has 
been achieved by addressing the following research objectives:  
• Define the structure of representative UK wood fuel supply chains, mapping out the 
actors as well as the institutional context of the sector.  
• Assess the identified factors in a holistic manner in order to determine relationships 
and their role in achieving sector growth and resilience.  
 
This chapter concludes this research by first evaluating its theoretical contributions arising 
from the development of the RELISC framework and then the empirical contributions arising 
from addressing the research objectives on application of the framework to the UK wood fuel 
sector. Finally the research limitations and areas for future work will be discussed.  
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12.2 Theoretical contributions:  
Novel application of existing approaches in combination for holistic assessment of a wide 
range of complex factors. 
An overarching theoretical contribution of the research is that it was able to overcome 
conceptual difficulties in assessing a wide range of factors to determine their role in achieving 
socioeconomic benefits and supply chain development /sector growth and resilience. This 
was done by developing and applying the RELISC framework, which is based on a 
constructivist paradigm that explores underlying factors and dynamics as well as stakeholder 
perceptions and actor decisions, all of which underpin supply chain/sector development and 
its resilience. The RELISC framework represents a shift from the mainly quantitative and 
positivist approaches employed by other relevant tools and approaches, which typically 
identified the barriers and drivers and then determined the socioeconomic or sector 
development impact, rather than exploring why the barriers exist and how the drivers are 
effective, which is the approach taken by this research. The following now outlines how the 
development and application of the RELISC framework has been able to meet the gaps 
identified in relevant assessment approaches in relation to this work and its potential 
contribution to the advancement of these approaches and disciplines. It also outlines how it 
contributes and enhances the application its component approaches i.e. the value chain 
analysis, the sustainable livelihood approach and supply chain resilience approaches. 
12.2.1 Contributions to Traditional Socioeconomic Research 
 Given the particular importance of socioeconomic factors to sector development, an initial 
assessment of a range of typical socioeconomic assessment methods revealed that a majority 
of the approaches are based on quantitative analysis to determine ‘what’ are the 
socioeconomic impacts of bioenergy projects or the sector. However, these types of 
quantitative analysis and indices were shown to be of limited value in this case because of 
the emergent and fragmented nature of the sector, making it difficult to determine the actual 
impact of the sector quantitatively (Van Ejick et al., 2012). Also, it was observed that although 
socioeconomic factors are largely dependent on a mix of social, institutional and resource 
factors (McCormick, 2005; Domac et al., 2012), traditional socioeconomic approaches have 
not adequately taken these factors into account (Tromberg et al., 2007; Cruz Jr. et al., 2009; 
Gnos and Rochen, 2011; Cleary et al., 2015). Moreover they are not able to assess or identify 
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the factors that may impact the resilience of the sector to change and uncertainty given its 
emergent nature.  
As a complementary assessment approach, the RELISC framework can contribute to 
socioeconomic assessment by first determining the actual structure of the supply chains given 
the tendency to be intertwined with other related activities, it is also able to consider the 
impact of policies and regulation, local contexts, resource constraints, stakeholder 
perceptions and consumer preferences in a holistic manner based on a constructive paradigm 
that explores how these factors contribute to or hinder positive socioeconomic outcomes  
12.2.2   Contributions to Integrated Assessment. 
In view of the complex nature of the sector, participatory integrated assessment approaches 
such as the socioeconomic impact assessment methods and multi-criteria assessments were 
reviewed. However, the socioeconomic impact assessment was found to be limited in dealing 
with uncertainty, especially in decision-making  (Duncan, 2013; Lueng et al., 2014). For Multi 
criteria assessment, its preferred option or alternatives, usually indicated by a single-
preference index was regarded as too simple and limited in providing explanations for a 
particular choice (Scott et al, 2012). Also, it does not consider the factors or resources 
necessary to deliver the preferences or choice (Buchhloz et al., 2009). Finally, a common 
shortcoming for both methods was in the area of institutional and supply chain interactions, 
information flows and governance.  
The RELISC framework could be regarded as an integrated assessment framework because it 
incorporates all of the 10 dimensions of integrated assessment approaches (Hamilton et al., 
2015). In relation to both approaches reviewed, the application of the RELISC framework to 
wood fuel supply chains indicated how actors in the supply chain made decisions under 
uncertainty using strategies such as maintaining links with parent or host companies, starting 
small and conducting research. It also showed how each of these strategies met with varying 
levels of success based on correct and incorrect perceptions of risks and their level of 
preparedness to mitigate the risks, available information and competence, thus it can help 
socioeconomic impact assessment approaches to explore strategies for making decisions 
under uncertain contexts. Further, the five capital assessments undertaken in the RELISC 
framework can be useful in determining the factors or resources required for a particular 
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preference in MCA. For methods, the institutional mapping and evaluation of implementation 
strategies as well as the identification of factors that determine internal or institutional 
governance and their roles in a particular context will enhance the results derived from both 
approaches.      
12.2.3   Contributions to supply chain management and supply chain risk management 
research.  
Since supply chains are the key focus of analyses in this work, supply chain management 
approaches were reviewed. It was recognised in supply chain management studies that 
despite the importance of supply-chain-wide co-ordination and the need to inter-relate with 
external actors, stakeholders and institutions in building competitive bioenergy chains  
(Buchholz et al., 2009; Gold et al. 2010; Suering and Gold, 2011; Lloyd and Dey, 2014; 
Mafakheri and Genus, 2014), these aspects have been largely neglected (Suering and Gold, 
2011). In particular, Mafakheri and Genus (2014) highlighted the general lack of institutional 
research for UK bioenergy with calls for more empirical academic research on relationship 
and governance focused aspects of operating bioenergy supply chains  (Suering and Gold, 
2011; Mafakheri and Genus, 2014). Further, a recent review of the SCRM literature by Hoe et 
al (2015) indicated a very limited application of supply chain risk management (SCRM) 
research on the renewable energy industry especially the bioenergy industry. 
The RELISC framework can contributes to this field because it involves an assessment of the 
internal and external relationships and governance of supply chains, which determines who 
and how the chain are governed as well as their implications on different supply chain and 
sector processes. Thus, the RELISC framework could prove useful as an additional analysis in 
the supply chain management field. Also its particular application to bioenergy sector in this 
research can serve to fill in the application gaps in SCRM literature. 
12.2.4  Novel applications of the Value Chain Analysis and Sustainable Livelihood 
Approaches 
The value chain analysis and the sustainable livelihood approaches have been combined in 
other studies highlighted in chapter 4. This is because both approaches in combination help 
to   overcome their individual limitations. In this work however a novel application of both 
approaches is presented. Previously, both approaches have mostly been applied in 
developing countries for the purposes of poverty alleviation and participation in global trade. 
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In comparison, the RELISC framework in this work is applied to an emerging sector in the 
developed world in order to derive strategies for sector development and resilience as 
opposed to poverty alleviation in developing countries. This provides the opportunity to 
analyse broader environmental and sustainability issues using action spaces that are aligned 
to those issues. Thus it goes beyond analysing power relations and governance patterns as it 
affects financial and socioeconomic gains, but also provides insights on how the governance 
patterns have emerged and evolved and their specific implications on environmental social 
and economic action spaces. Thus it helps to overcome criticisms on the SLA regarding its 
need to be more engaged with more current environmental and sustainability issues and also 
on value chain analysis in relation to its limited analysis on the impacts of supply chain 
governance on the environment (Bolwig et al., 2008; Scoones et al., 2009). 
Further, SLA in the RELISC framework is applied to actors in supply chains as opposed to 
households, given that in the developed world livelihoods are essentially derived in the work 
place. This adaptation of the SLA approach to supply chains rather than households could be 
a useful application of the approach, because in conjunction with the VCA method in the 
RELISC framework, insights on the implication of supply chain structure will be generated as 
well as the impact of a range of factors such as internal/micro and macro level institutional 
and regulatory governance, vulnerability contexts, resource and capital availability as well as 
organisational processes and actor decisions on the development and resilience of an 
emerging sector such as the UK wood-fuel sector. Finally, the RELISC framework evaluates the 
factors that impact on the resilience of the sector based on supply chain resilience principles. 
Supply chain resilience has not been addressed in other approaches of VCA/SLA integration. 
So its inclusion in the RELISC framework is novel and also valuable because building resilience 
in supply chains is necessary to ensure and sustain sector development. 
12.2.5  Contributions to Supply Chain Resilience Research 
There are a number of limitations and current areas for future research identified in the 
assessment of supply chain resilience. Firstly in terms of applications, there are calls for more 
renewable energy applications, especially for small and medium sized enterprises (Petit et al., 
2013; Hoe et al., 2015; Kalamadhi and Parast, 2016). Also supply chain resilience tools need 
to be applied across the downstream and upstream sections of the supply chain not just at 
firm level (Ghagde et al., 2012; Petit et al., 2013). Finally there are calls for a holistic 
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overarching approach to supply chain resilience and risk management evaluations based on 
soft systems thinking which incorporates interactions between different supply chain actors 
or stakeholders (Ghaet al., 2012; Petit et al., 2013 Cantor et al., 2014) taking into account the 
impact of manager and stakeholder decision, perceptions and behaviours (Ghagde et al., 
2012; Cantor et al., 2014).  
Given the limitations and application gaps identified above, it is clear that the RELISC 
framework is well suited to address these issues. For instance, in this work it has been applied 
to the renewable bioenergy sector, which mainly comprises of small to medium sized 
enterprises. It has also been applied to different actors up and down the UK wood fuel supply 
chain including downstream actors such as farmers and harvesters and other actors i.e. 
contractors, processors, and customers as well as external institutions and organisations. 
Further a key feature of the RELISC framework is that it enables holistic assessment of supply 
chain capabilities and vulnerabilities by examining how underlying factors such as internal 
governance patterns, access to resources, compliance to external governance and supply 
chain/organisational structures and practices enhance capabilities or create vulnerabilities 
due to their strength and shortcomings based on the supply chain resilience principles. The 
framework is also based on a people centred approach, which explicitly evaluates the impact 
of chain actor or stakeholder perspectives, experiences and decisions on different processes 
including supply chain resilience strategies. In addition, another feature of the RELISC 
framework is that it explicitly includes a sustainability dimension to supply chain resilience 
objectives, in order to ensure sustainable sector and supply chain development. This 
facilitates the assessment of environmental and social issues within its action spaces and 
processes as opposed to the normal objective, which was just concerned with the 
continuation of supply chain operations and activities.   
12.3 Empirical contributions and meeting research objectives  
The first objective of this research was addressed by defining the structure of representative 
UK wood fuel supply chains, mapping out the actors as well as the institutional context of the 
sector. Applying the RELISC framework to the UK wood fuel sector provided a structured 
approach to understanding the institutional context and supply chain configurations of 
different wood fuel chains. This was a necessary first step to the assessment of the sector 
given it emergent nature and the tendency for wood fuel supply chains to be intertwined and 
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fragmented with other activities. Further, by characterising the supply chain and institutional 
governance patterns, the RELISC framework not only identified the firms and institutions but 
also revealed the relationships between the different supply chain firms and the macro-micro 
links at the sector level.  
The second objective was addressed by assessing a range of factors holistically, in order to 
determine the relationships and their role in achieving sector growth and resilience. The 
factors include supply chain structure and governance, resource and five capital limitations 
and availability, institutional governance and organisational processes, as well as actor 
decisions and perceptions. The application of the RELISC framework to the UK wood fuel 
supply chain provided useful empirical insights for the sector based on this objective:  
Firstly, it showed how supply chain structure such as links with a parent or host company 
facilitated the establishment and expansion of the chain and helped in dealing with risks and 
uncertainty by acting as a back–up in case of failure, it also showed how dependence on a 
particular firm or actor was risky and could affect resilience and income if relationships fail 
and there are no ready alternatives. However, if well managed such dependence can provide 
mutual benefits in terms of access to resources, links with customers and supply chain 
expansion. Further, it indicated how each internal governance pattern emerged and evolved 
to have   major roles in specific action spaces and processes which impact on supply 
chain/sector development and resilience and the importance of capital resources as initial 
drivers for supply chain establishment.  
 
In terms of institutional governance, the critical importance of favourable policies and 
governmental financial and infrastructural support was established as well as the role of 
specific institutions and programmes such as the Forestry Commission, the RHI and 
certification and accreditation bodies as well as social and professional networks support. In 
terms of the policy development process, the impact and limitation of expert scenarios on 
the role of the sector was also highlighted.  
 
The holistic assessment went on to reveal the relationships between the different 
components and how that impacted on supply chain development and resilience. For 
instance, supply chain structure and access to resources determine the type governance 
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patterns and the benefits derived, capital resources affect the effectiveness of governance 
patterns, which in turn provide or limit capital resources at the supply chain and sector level. 
Further, inadequate organisational processes and implementation strategies create 
vulnerable aspects in the sector especially in relation to domestic resource availability, capital 
funding and information availability, which in turn impacts on access to socioeconomic 
benefits, supply chain /sector development and resilience.  In addition, the impact of actor 
perception, attitudes and actions on uptake levels and supply chain/sector development were 
highlighted. Finally it was noted that socioeconomic benefits and supply chain capabilities 
could be derived not only from the supply chain resilience principles but also from access to 
resources, internal governance patterns, compliance to external governance and the effective 
implementation of organisational practices.  
12.4 Research Recommendations: Factors and Strategies for Supply chain 
Development and Resilience  
This section will briefly highlight the factors and strategies for supply chain/sector 
development and supply chain resilience.  
12.4.1  Supply chain/Sector Development 
The following recommendations are for policy makers and regulators:  
Improve the policy development process and meet the UK Renewable Energy and Climate 
Change Act targets  
Firstly, the dis-jointed iterative policy development process, which provided limited feedback 
on the progress of policies/action plans and publishes policy reports within a five-year interval 
needs to be replaced by a more consistent approach with feedback on progress and more 
frequently published policy reports or an interim report half way through the five-year period. 
This will reduce uncertainty and aid decision-making at the sector and supply chain level. 
Secondly, in addition to cost optimisation, the scenario modelling of the role of bioenergy by 
experts needs to explicitly consider the impact of policies and incentives and to consider a 
wide range of underlying factors affecting the uptake of the different technologies, in order 
to be more accurate in predicting their role in the future.  This can be done by qualitative 
models such as the RELISC framework, which can also take into account and prioritises the 
views and experiences of commercially interested supply chain actors and end users, given 
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the importance of socioeconomic benefits and also because they are the actors that make 
the decisions for adopting the technologies.  
 
Thirdly, given that UK Renewable Energy target and the Climate Change Act are important 
drivers of bioenergy deployment, both targets should still be pursued in spite of Brexit, 
especially the UK renewable energy target. Further, the heat sector should be given greater 
attention because it is not yet half way towards its 12% target. This could be done by 
facilitating the deployment of biomass technologies within sustainable limits given their 
relative ease of adoption with the right incentives.  Also, in spite of the increasing deployment 
of bioenergy technologies in the commercial and domestic sector, the sector have proven to 
be sustainable as sector actors have exceeded the RHI sustainability requirements. The 
deployment of biomass technologies could also help the UK to get on track to meet the fourth 
carbon budget of the Climate Change Act. 
Organisational implementation strategies should be improved to address vulnerability aspects 
of the sector. Key vulnerability aspects at the sector level such as limited domestic resource 
availability, lack of accurate and timely information, limited technology innovation and lack 
of infrastructure need to be addressed by a strong political will so that various shortcomings 
such as in-adequate funding and limitations in meeting the needs of potential actors will be 
tackled. Further, institutional changes such as the close down and cancellations of key 
institutions, policies and programmes should be examined and rectified. In addition, the 
frequent regression of biomass tariffs in the RHI should be addressed as well as the need for 
capital funding for necessary bioenergy infrastructure in addition to the RHI.    
The following recommendations are for prospective or current supply chain actors and sector 
actors  
All factors and relationships should be considered to maximise socioeconomic benefits and 
ensure supply chain/sector establishment and development For instance, before the 
establishment of a wood fuel supply chain, the following factors should be considered: supply 
structure, the type of governance patterns and their corresponding role/benefit required with 
particular actors, the availability of capital resources, local conditions and avenues to prepare 
for identified risks and uncertainty. Further, relationships between factors should be 
considered i.e. the impact of available or limited capital resources on governance patterns/ 
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relationships and vice versa and also the impact of supply chain structure and assets on the 
type of governance patterns and the level and type of socioeconomic benefits that can be 
derived. Also avenues by which the sector can reduce its dependency on subsidies and 
financial grants should be identified and explored, in anticipation of a future when financial 
aids are no longer available or limited. This would improve the image of the sector, attract 
investors and secure the future of the sector. 
Strategies for supply chain/sector development should consider internal actor perception, 
attitudes and actions as well as actor related external factors and requirements Similar to the 
policy development process, strategies at the sector and supply chain level should take into 
account the attitudes, perception and decisions of actors as well as the impact of external 
factors such as capital resources, local conditions and institutional factors on the decision and 
actions of actors. The following now considers supply chain resilience strategies.  
12.4.2  Summary of factors and strategies for Supply Chain Resilience  
The following briefly summarises and recommends the factors and strategies for supply chain 
resilience discussed in detail in chapter 10.  These recommendations are for all stakeholders 
Improve awareness, skills and infrastructure: There is a general need to improve awareness 
and visibility as well as provide timely, accurate and up to date information, publicising 
campaigns through professional advertisement avenues like newspapers, media and social 
media rather than relying on word of mouth. Furthermore it was noted that specific targets 
to meet critical skills gaps for training and development are required as well as value added 
services such as consultancies, which require skilled jobs and finally a need for increased 
capacity in terms of the provision of infrastructure 
In-corporate flexibility and adaptation to change: Flexibility in terms of attitude, thinking, and 
governance patterns are necessary, such as a change of attitude towards the felling of trees, 
a new attitude towards skills improvement to meet institutional and end-user requirements 
and adaptation in terms of some institutional laws and governance patterns to accommodate 
the requirements of the wood fuel sector and its actors.  
Facilitate effective collaboration: Effective collaboration is required in spite of time 
constraints, different interests and varying levels of commitments of different actors. This can 
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be achieved through sensitive management of relationships and proper governance of 
procedures rather than informal alliances. 
Proactively anticipate and recover: Improve the ability to anticipate, plan and action a 
recovery plan. This is important given that an emerging industry is prone to uncertainty and 
unexpected events. Uncertainties such as uninformed public perception about the impact of 
the sector on the environment, especially concerns over air quality and deforestation could 
be addressed by good public relations officials to effectively communicate the steps taken by 
the sector to mitigate some of these impacts. In addition, it is also necessary to ensure that 
domestic timber availability and the incidence and spread of tree disease such as the Red 
band needle blight be well managed through adequate monitoring and control. 
Secure market position and shares: This can be done by using good communication and 
lobbying strategies to communicate and publicise the importance of the wood fuel sector in 
providing renewable heat, energy security and limiting the impacts of climate change. At the 
supply chain level, market shares and position are secured by maintaining and improving the 
unique qualities or assets, which meet end user preferences and provide competitive 
advantage, in addition to compliance to quality and sustainability certification schemes which 
provide added security and maintain market shares and position.   
12.5 Limitations and Future research  
During the course of the research it became apparent that applying the RELISC framework to 
wood fuel supply chains required a considerable amount of confidential information, which 
was difficult to obtain at times. It also required access to a large number of actors, which was 
challenging and time consuming.  However, in some situations, access to information and 
personnel is relatively unrestricted such as an in-house assessment within the supply chain, 
and in such cases RELISC would be very useful.  
Furthermore, since the results are based on the perception of actors, there is an element of 
subjectivity, which was overcome by triangulating some of the perceptions with secondary 
data or with similar actors in the sector or supply chain.  
In addition, given that the unit of analysis was supply chains, the research was focused more 
on supply chain and sector actors and there was limited interactions with end users, which 
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could have provided more insight on the user phase of the different wood fuel products. There 
was also limited engagement with wood fuel technology providers and with issues that could 
arise from community opposition to the development of bioenergy projects. However these 
issues have been the subject for many studies as such the plan was to throw more light on the 
impact of supply chain level activities that have had limited exposure so far.     
Therefore in terms of further work, factors and strategies for the wood fuel supply chain with 
particular focus on end-users could be derived from a market segmentation analysis of end-
users, which may provide more information on their motivations and decision making process 
for adopting a particular wood fuel product and technology.  Also the RELISC framework could 
be applied to the supply and installation of key wood fuel technologies such as wood chip, 
pellet and wood log boilers and wood log stoves. Finally, the RELISC framework is quite versatile 
and can be applied to other emerging sectors especially in the renewable energy industry. 
12.6 Concluding remarks  
The aim of this research was to determine the factors and strategies required for the 
development and resilience of the UK wood fuel sector which was characterised as an emerging 
fragmented sector faced with limited growth, change and uncertainty. In order to achieve this 
the RELISC framework was developed and applied to the UK wood fuel sector; it was designed 
to engage holistically with a wide range of under-explored but important factors. Its application 
produced useful insights such as the types of actors and the structures of the chain given the 
inherent fragmented nature of the sector. It also showed the relationships between the factors 
and how supply-chain structure, external and internal governance patterns, limitation and 
availability of capital resources impacted on supply chain activities and benefits. In addition, its 
people centred nature took account of the impact of actor perceptions and actions to risks and 
uncertainty, as well as their attitudes and decisions. Finally, it provided some useful strategies 
for resilience and sector development, which can be applied to other emerging sectors. Thus it 
can be concluded that the RELISC framework represents a new and valuable analytical tool for 
value chains. 
  
 341 
References 
Abbott, A., 1992. What do cases do? Some notes on activity in sociological analysis. In: C. C. Ragin & 
H. S. Becker, eds. What is a case? Exploring the foundations of social inquiry. Cambridge, UK: 
Cambridge University Press, pp. 53-82.  
Abercrombie, N., Hill, S., and Turner, B. S., 1984. Dictionary of Sociology. Harmondsworth, UK: 
Penguin.  
Abolghasemi, M., Khhodakarami, V., Tehranifard, H., 2015. A new approach for supply chain risk 
management: Mapping SCOR into Bayesian network. Journal of Industrial Engineering and 
Management, 8, pp. 280-302. 
Adams, P.W., Hammond, G.P., McManus, M.C., Mezzullo, W.G., 2011. Barriers and drivers for UK 
bioenergy development. Renewable and Sustainable Energy Reviews, 15, pp. 1217–1227. 
AEA Technology, 2011. UK and Global Bioenergy Resource. ED 56029 Issue 2 Final. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48059/1464-aea-
2010-uk-and-global-bioenergy-report.pdf. [Accessed December 2016]. 
Albersmeier, F., Schulze, H., Spiller, A., 2009. Evaluation and reliability of the organic certification 
system: perceptions by farmers in Latin America. Sustainable Development 17(5), pp. 311–324. 
 
Aligica, P.D., 2006. Institutional and Stakeholder Mapping: Frameworks for Policy Analysis and 
Institutional Change. Public Organization Review, 6, pp. 79–90.  
Ambulkar, S., Blackhurst, J., Grae, S., 2015. Firm’s resilience to supply chain disruptions: Scale 
development and empirical examination. Journal of Operations Management, 33-34, pp. 111-122. 
Anaglo, J. N., 2011. Understanding the influence of livelihood features on cassava value chains. 
Thesis (PhD), University of Greenwich. 
Andrew C. L., Azanizawati, M., 2014. An examination of multi-tier supply chain strategy alignment in 
the food industry. International Journal of Production Research, 52(7), pp. 1911-1922.  
Ashby, A., Leat, M., Hudson-Smith, M., 2012. Making connections: A review of supply chain 
management and sustainability literature. Supply Chain Management: An International Journal, 17 
(5), pp. 497-516.  
 
Asgari, N., Nikbakhsh, E., Hill, A., Zanjirani, F., Reza, D., 2016. Supply chain management 1982-2015: 
a review. Available from: http://dx.doi.org/10.1093/imaman/dpw004. [Accessed June, 2017]. 
Ates, A., Bititci, U., 2011. Change process: key enabler for building resilient SMEs. International 
Journal of Production Research, 49(18), pp. 5601-5618. 
Bacon, F., 1853. Novum organum. In The physical and metaphysical works of Lord Bacon (Book 1). 
London: H. G. Bohn. 
Bacon, P.J., Cain, J.D., Howard, D.C., 2002. Belief network models of land manager decisions and land 
use change. Journal of Environmental Management, 65, pp. 1-23. 
 
Bakshi, N., Kleindorfer, P., 2009. Co-opetition and investment for supply-chain resilience. Production 
and Operation Management, 8(6), pp. 583–603 
 342 
Barratt, M.A., Oke, A., 2007. Antecedents of supply chain visibility: a resource-based theory 
perspective. Journal of Operations and Management, 25(6), pp. 1217–1233.  
Barton, M., Christianson, M., 2006. Organisational resilience: a social mechanisms perspective. 
Symposium presented at the 2006 annual academy of management meeting, 11–16 August, Atlanta, 
GA. 
BEIS, 2016. The Renewable Heat Incentive: a reformed scheme. Statement of policy and Government 
response to consultation. Department for Business Energy & Industrial Strategy 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/577024/RHI_Refo
rm_Government_response_FINAL.pdf [Accessed December 2016]. 
Belton, V., Stewart, T.J., 2002. Multiple Criterial Decision Analysis. An Integrated Approach. Kluwer 
Academic Publishers, Boston, Dordrecht, London. 
Benhabib, S., 1990. Hannah Arendt and the redemptive power of narrative. Social Research, 57(1), 
pp. 167-196.  
Biermann, F., Bertsill, M.M., Gupta, J., Kanie, N., Lebel, L., Liverman, D., 2009. Earth system 
Governance: People, Places and Planet Science and Implementation plan of the earth system 
governance project. IHDP report 20. 
www.ihdp.unu.edu/docs/Publications/ESG/IHDP_ReportNo20_ESG_Report. [Accessed January 
2017]. 
Biomass Energy Centre, (2011). What is Biomass? 
http://www.biomassenergycentre.org.uk/portal/page?_pageid=76,15049&_dad=portal&_schema=P
ORTAL. [Accessed August 2014]. 
Bioenergy Task Force, 2005. Biomass Taskforce: Report to the Government. Department for 
Environment Food and Rural Affairs. 
https://www.iea.org/media/pams/uk/PAMs_UKBiomassTaskForce2005.pdf. [Accessed August 
2011]. 
Blackhurst, J., Kaitlin, S.D., Craighead C.W., 2011. An empirically derived framework of global supply 
resiliency. Journal of Business Logistics, 32(4), pp. 374-391. 
Bolwig, S., Ponte, S., du Toit, A., Riisgaard, L., Halberg, N., 2008. Integrating Poverty, Gender and 
Environmental Concerns into Value Chain Analysis:  A Conceptual Framework and Lessons for Action 
Research. A Danish Institution for International Studies (DIIS) Working Paper 2008/16.  
Buchholz, S.T., Timothy, A.V., Valerie, A.L., 2007. A Participatory systems approach to modelling 
social, economic and ecological components of bioenergy. Energy Policy, 35(12), pp.6084-6094. 
Buchholz, T., Luzadis, V.A., Volk, T.A., 2009. Sustainability criteria for bioenergy systems: results from 
an expert survey. Journal of Cleaner Production 17(1), pp.86-98.  
Bunderson, J.S., Sutcliffe, K.M., 2002. Comparing alternative conceptualisations of functional 
diversity in management teams: process and performance effects. Academy of Management 
Journal, 45, pp. 875-93. 
 343 
Cabral, I., Grilo, A., Cruz-Machado, V., 2012. A decision-making model for lean, agile, resilient and 
green supply chain management. International Journal of Production Research, 50(17), pp. 4830-
4845.  
Campbell, D.T., 1975. Degrees of freedom and the case study. Comparative Political Studies, 8(1), pp. 
178-191. 
Campbell, D.T., Stanley, J. C., 1966. Experimental and quasi-experimental designs for research. 
Chicago: Rand McNally. 
Cantor, D.E., Blackhurst, J., Pan, M., Crum, M., 2014. Examining the role of stakeholder pressure and 
knowledge management on supply chain risk and demand responsiveness. The International Journal 
of Logistics Management, 25(1), pp. 202-223.  
Cardoso, S.R., Barbosa-Pavoa, A.P., Relvas, S., Novais, A.Q., 2015. Resilience metrics in the 
assessment of complex supply-chains performance operating under demand uncertainty, Omega: 
International journal of management science, 56, pp. 53-73. 
Carney D., 2002. Sustainable livelihoods approaches: progress and possibilities for change. London: 
DFID. www.eldis.org/vfile/upload/1/document/0812/SLA_Progress.pdf. [Accessed November 2012]. 
Carter, C.R., Rogers, D.S., 2008. A framework of sustainable supply chain management: moving 
toward new theory, International Journal of Physical Distribution& Logistics Management, 38, pp. 
360-387. 
 
Carvalho, H., Barroso, A.P., Machado, V.H., Azevedo, S., Cruz-machado, V., 2012. Supply chain 
redesign for resilience using simulation, Computers and Industrial engineering, 62, pp. 329-341. 
Centre for Sustainable Energy, 2016. Expert Support Network for planners; an expert advice, 
information and guidance service for local planning officers 
https://www.cse.org.uk/projects/view/1131. [Accessed January 2017]. 
Challies E.R.T., Murray W.E., 2011. The Interaction of Global Value Chains and Rural Livelihoods: The 
Case of Smallholder Raspberry Growers in Chile, Journal of Agrarian Change, 11(1), pp. 29–59. 
Chambers, R., Conway, G.R., 1992. Sustainable rural livelihoods: Practical Concepts for the 21st 
century. IDS Discussion Paper No. 296. IDS, Brighton. www.ids.ac.uk/publication. [Accessed 
November 2012]. 
Chapman, P., Martin, C., Uta, J., Helen, P., Richard, W., 2002. Identifying and managing supply-chain 
vulnerability, Logistics and Transport Focus, 4(4) pp. 59-64.  
Chang, Y.C., Hong, F.W., Lee, M.T., 2008. A system dynamic based DSS for sustainable coral reef 
management in Kenting coastal zone, Taiwan, Ecological Modeling, 211, pp. 153-168 
Chevalier, R.F., Hoogenboom, G., McClendon, R.W., Paz, J.O., 2012.  A web-based 
fuzzy expert system for frost warnings in horticultural crops. Environmental Modeling and Software, 
35, pp.84-91. 
 
Christensen, C. R. and Hansen, A. J., eds. 1987. Teaching and the case method. Boston: Harvard 
Business School Press. 
 344 
Christopher, M., Peck, H., 2004. Building the Resilient Supply Chain. The International Journal of 
Logistics Management, 15(2), pp. 1-13. 
Clay, E. J. and Schaffer, B.B., eds. 1986. Room for Maneuver, An Explanation of Public Policy in 
Agriculture and Rural Development. London: Heinemann.  
Cleary, J., Wolf, D.P., Caspersen, J.P., 2015. Comparing the life cycle costs of using harvest residue as 
feedstock for small and large-scale bioenergy systems (part II). Energy, 86, pp. 539- 547. 
Climate Change Act, 2008. http://www.legislation.gov.uk/ukpga/2008/27/contents [Accessed May, 
2015] 
Committee for Climate Change, 2008. Building a low-carbon economy – the UK’s contribution to 
tackling Climate change. http://www.theccc.org.uk/publications/ [Accessed Dec 2014]. 
Committee on Climate Change, 2011. Bioenergy Review. 
https://www.theccc.org.uk/publication/bioenergy-review/ [Accessed January 2017]. 
Committee for Climate Change, 2016. Meeting carbon budgets, 8th annual progress report on the 
UK meeting carbon budgets. https://www.theccc.org.uk/publication/meeting-carbon-budgets-2016-
progress-report-to-parliament/ [Accessed January 2017]. 
Committee of Climate Change, 2016b. 2020 Renewable heat and transport targets, second report of 
session 2016-17. https://publications.parliament.uk/pa/cm201617/cmselect/cmenergy/173/173.pdf 
[Accessed January 2017]. 
Communication from the Commission, 2005. Biomass action plan: Encouraging the use of Biomass as 
an alternative source of energy. 
http://eurlex.europa.eu/legalcontent/EN/TXT/?uri=URISERV%3Al27014. [Accessed December 2016]. 
Confederation of Forestry Industries (CONFOR), 2014. Forest Management Certification in the UK: 
Options for Improvement. A report for CONFOR UK TLD. www.confor.org.uk/publications/ [Accessed 
January 2017]. 
Cox, A., 2004. Power, value and supply chain management, Supply Chain Management: An 
International Journal, 4, pp. 167-175. 
 
Cragg, C. I., 1940. Because wisdom can’t be told. Harvard Alumni Bulletin (Harvard Business School 
Reprint 451-005), pp.1-6. 
Craighead, C.W., Blackhurst, J., Rungtusanatham, M.J., Handfield, R.B., 2007. The severity of supply 
chain disruptions: design characteristics and mitigation capabilities. Decision Sciences, 38(1), pp. 
131-156. 
Cranfield University, 2003. Creating Resilient Supply Chain: A practical guide, Centre for Logistics and 
Supply Chain Management, School of Business, Cranfield University. 
https://dspace.lib.cranfield.ac.uk/bitstream/handle/1826/4374/Creating_resilient_supply_chains.pd
f;jsessionid=C33878BF5EFBCC1321E13BFCA42315ED?sequence=1.[Accessed November 2013]. 
Cruz Jr, J.B., Tan, R., Culuba, A.B, Ballacillo, J., 2009. A dynamic input–output model for nascent 
bioenergy supply chains. Applied Energy, 86, pp.86–94.  
 345 
Datta P.P., Martin C., Peter A., 2007. Agent-based modelling of complex production/distribution 
systems to improve resilience. International Journal of Logistics: Research & Applications, 10(3), pp. 
187-203. 
Davis, O., 2015. FSC in the UK, where is it going and is it relevant here? Forestry Journal, 8(16), pp. 
24-26. 
DECC, 2009. The UK Renewable Energy Strategy, Department of Energy and Climate Change, London: 
HMSO. https://www.gov.uk/government/publications/ [Accessed May 2013]. 
DECC, 2009b. The UK Government Low Carbon Transition Plan: National Planning for Climate and 
Energy. Department for Energy and Climate Change, London: TSO (The stationary Office). 
https://www.gov.uk/government/publications/the-uk-low-carbon-transition-plan-national-strategy-
for-climate-and-energy [Accessed June 2012]. 
DECC, 2009c. Heat and Energy Saving Strategy Consultation Department of Energy and Climate 
Change. Crown copyright. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/243625/97801085
08158.pdf  [Accessed December 2016]. 
DECC, 2010. The 2050 Pathways Analysis. Department of Energy and Climate Change. 
http://webarchive.nationalarchives.gov.uk/20101209111946/http://www.decc.gov.uk/assets/decc/
What%20we%20do/A%20low%20carbon%20UK/2050/216-2050-pathways-analysis-report.pdf  
[Accessed December 2011]. 
DECC, 2011. The Low Carbon Building Programme 2006-2011 Final report. Department of Energy and 
Climate Change. London. Crown copyright 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48160/2578-lcb-
programme-2006-11-final-report.pdf [Accessed December 2016]. 
DECC, 2012. The UK Biomass Strategy. Department of Energy and Climate Change.  
London Crown Copyright. https://www.gov.uk/government/publications/uk-bioenergy-strategy 
[Accessed June 2013].  
DECC, 2012b. The Future for Heating: Strategic framework for low carbon heat. Department of 
Energy and Climate Change, London. Crown Copyright. 
https://www.gov.uk/government/publications/ [Accessed, June, 2013]. 
DECC, 2012c. Bioenergy Capital Grants scheme: project supported in round 1,3,4,5,6 Department of 
Energy and Climate Change, London. Crown Copyright.  
https://www.gov.uk/government/publications/bioenergy-capital-grant-scheme-projects-supported-
in-rounds-1-3-4-5-and-6html [Accessed January 2017]. 
DECC, 2013. The Future for Heating: Meeting the Challenge. Department of Energy and Climate 
Change, London. Crown Copyright. https://www.gov.uk/government/publications/ [Accessed June, 
2013]. 
DECC, 2014. Training voucher scheme launched to help the industry install renewable heating 
systems. Department of Energy and Climate Change. /www.gov.uk/government/news/training-
 346 
voucher-scheme-launched-to-help-industry-install-renewable-heating-systems [Accessed December 
2016]. 
DECC, 2015. Evaluation of the Heat Network delivery unit. Department of Energy and Climate 
Change, London. Crown Copyright 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/457240/HNDU_Re
port_Final_28_08.pdf [Accessed December 2016]. 
DECC, 2015b. The UK Carbon Capture and Storage: Government Funding and Support. Department of 
Energy and Climate Change. https://www.gov.uk/guidance/uk-carbon-capture-and-storage-
government-funding-and-support [Accessed November 2016]. 
DECC, 2016. Summary Results of the Domestic Wood Use Survey. Department of Energy and Climate 
Change, London. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/517575/Summary
_results_of_the_domestic_wood_use_survey_ [Accessed January 2017]. 
DEFRA, 2004. Bioenergy Infrastructure scheme. Department for Environment Food and Rural affairs.  
http://webarchive.nationalarchives.gov.uk/20130123162956/http://www.defra.gov.uk/farm/crops/i
ndustrial/energy/infrastructure.html. [Accessed January 2017]. 
DEFRA, 2015. Crops Grown for Bioenergy in England and the UK. Department for Environment Food 
and Rural affair. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/578845/nonfood-
statsnotice2015i-19dec16.pdf [Accessed December 2016]. 
DEFRA, DTI and Department of Transport, 2007. The UK Biomass Strategy. Department for 
Environment, Food and Rural Affairs, London. Crown Copyright. 
http://www.globalbioenergy.org/uploads/media/0705_Defra_UK_Biomass_Strategy_01.pdf 
[Accessed December2013]. 
Demmer, W.A., Vickery, S.K., Calantone, R., 2011. Engendering resilience in small and medium sized 
enterprises: a case study of Demmer Corporation. International Journal of Production Research, 49, 
pp. 5395-5413. 
Department of Business, Innovation and Skills (BIS) and the Better Regulation Executive (BRE), 2010. 
Forestry Commission, A Hampton implementation Review report.  London: Crown Copyright URN 
10/608.  
Department of Trade and industry, 2007. Meeting the challenge a white paper on Energy. London: 
TSO (The stationary Office). 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/272376/6887.pdf 
[Accessed November 2013]. 
DFID, 1997. Eliminating World Poverty: A Challenge for the 21st Century: 1997 White Paper on 
International Development. Department for International Development HMSO, London. 
www.dfid.gov.uk/Pubs/files/whitepaper1997.pdf [Accessed December, 2015]. 
 347 
DFID, 1999. Sustainable Livelihoods Guidance Sheets, No. 1–8. Department for International 
Development, London, UK, pp. 1–8. 
http://efls.ca/webresources/DFID_Sustainable_livelihoods_guidance_sheet.pdf [Accessed December 
2013]. 
Digest of United Kingdom Energy Statistics, (DUKES) (2016). Renewable Energy Sources Department 
for Business Energy and Industrial Strategy 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/577712/DUKES_2
016_FINAL.pdf [Accessed December 2016]. 
Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009. On the 
promotion of the use of energy from renewable sources http://eur 
lex.europa.eu/JOHtml.do?uri=OJ:L:2009:140:SOM:EN:HTML. [Accessed November 2016]. 
Dobos, I., Floriska, A., 2007. The resource conservation effect of recycling in a dynamic Leontief 
model. International Journal of Production Economics, 108, pp.334–40. 
Dogan, M., Pelassy, D., 1990. How to compare nations: Strategies in comparative politics (2nd ed.). 
Chatham, UK: Chatham House. 
Domac, J., Richards, K., Risovic, S., 2005. Socioeconomic drivers in implementing bioenergy projects, 
Biomass & Bioenergy, 28, pp.  97-106. 
Domac, J., Richards, K., Opalic, T., 2012. 12 years of Socioeconomic Aspects of Bioenergy Systems / 
Socioeconomic Drivers in Implementing Bioenergy Projects. Final Task report. 
http://www.ieabioenergy.com/task/socio-economic-drivers-in-implementing-bioenergy-projects/ 
[Accessed November 2013].  
DTI, 2003. Energy White Paper: Our energy future – creating a low carbon economy. Department for 
Trade and Industry, Department for Environment Food and Rural Affairs. London: The Stationary 
Office. http://webarchive.nationalarchives.gov.uk/+/http:/www.berr.gov.uk/files/file10719.pdf 
[Accessed December 2013]. 
DTI, 2006. The Government’s Response to the Biomass Task Force Report. Department for Trade and 
Industry, Department for Environment Food and Rural Affairs. 
http://webarchive.nationalarchives.gov.uk/20060716032518/http://www.dti.gov.uk/files/file28198.
pdf [Accessed December 2013]. 
 
Duncan, R., 2008. Problematic practice in integrated impact assessment: the role of consultants and 
predictive computer models in burying uncertainty. Impact Assessment and Project Appraisal. 6(1), 
pp. 53–66.  
Duncan, R., 2013. Opening new institutional spaces for grappling with uncertainty: a constructivist 
perspective. Environmental Impact Assessment Review, 38, pp.151–154.  
E4Tech, 2009. Biomass supply curves for the UK, A study for Department of Energy and Climate 
change. https://www.scribd.com/document/80548054/Biomass-Supply-Curves-for-the-UK-E4tech 
[Accessed December 2016]. 
 348 
ECUK (2017), Energy Consumption in the UK, Overall Data Tables, 2016 update. Department of 
Energy and Climate Change, https://www.gov.uk/government/statistics/energy-consumption-in-the-
uk. [Accessed May 2017]. 
Eckstein, H., 1975. Case study and theory in political science. In F. J. Greenstein & N. W. Polsby 
(Eds.), Handbook of political science, 7, pp. 79-137. Reading, MA: Addison- Wesley. 
Ecuity Consulting, 2014. Delivering the UK renewable heat objectives through wood fuel-
Sustainability position paper. http://www.ecuity.com/wp-content/uploads/2014/03/Wood-Fuel-
Sustainability-Paper.pdf [Accessed November 2015]. 
Edmondson, A.C., 1999. Psychological safety and learning behavior in work teams Administrative 
Science Quarterly, 44, pp. 350-83. 
Edwards, R., Holland, J., 2013. What is Qualitative Interviewing. Bloomsbury Academic Press ISBN: 
9781780938523. 
Element/Pöyry, 2009. Design of a Feed-In Tariff for sub-5 MW electricity in GB: Quantitative Analysis 
for Department of Energy and Climate change (DECC). URN 09D/704   
http://www.elementenergy.co.uk/wordpress/wp-content/uploads/2012/05/Quantitative-Issues-in-
FIT-DesignFINAL_2009.pdf [Accessed December 2016]. 
Elghali, L., Clift, R., Sinclair, P., Panoutsou C., Bauen, A., 2007. Developing a sustainability framework 
for the assessment of bioenergy systems. Energy Policy 35, pp.6075–6083. 
Elleuch H., Dafaoui E., Elmhamedi A., Chabchoub H., 2016. Resilience and Vulnerability in Supply 
Chain: Literature review. IFAC-Papers online 49(12), pp.1448–1453. 
Energy Saving Trust, 2017. Time to test Government’s Energy Efficiency Commitment. 
http://www.energysavingtrust.org.uk/blog/time-test-governments-energy-efficiency-commitment. 
[Accessed March 2017]. 
Enplus, 2016. Fraud and blacklist. http://www.enplus-pellets.eu/fraud/blacklist/ [Accessed 
December 2016]. 
ETI, 2012. Modelling Low-Carbon Energy System Designs with the ETI ESME Model.  
Energy Technology Institute. 
https://s3euwes1.amazonaws.com/assets.eti.co.uk/legacyUploads/2014/04/ESME_ModelligPaper.p
df [Accessed January 2017]. 
 ETI, 2016. Reducing the cost of CCS - Developments in Capture Plant Technology. Energy Technology 
Institute. http://www.eti.co.uk/insights/reducing-the-cost-of-ccs-developments-in-capture-plant-
technology/ [Accessed March 2017]. 
Eysenck, H. J., 1976. Introduction. In H. J. Eysenck (Ed.), Case studies in behaviour therapy (pp. 1-15). 
London: Routledge. 
Fernández, J.M., Selma, M.A.E., 2004. The dynamics of water scarcity on irrigated landscapes: 
Mazarrón and Aguilas in south-eastern Spain. System Dynamics Review, 20, pp. 117-137 
 
 349 
Fiksel J., 2003. Designing resilient, sustainable systems. Environmental Science & Technology, 37(23), 
pp.5330–5339. 
Filatova, T., Voinov, A., Van der Veen, A., 2011. Land market mechanisms for preservation of coastal 
ecosystems: an agent-based analysis. Environmental Modelling and Software, 26 (2), pp.179-190. 
 
Fleming, G., van der Merwe, M., McFerren, G., 2007. Fuzzy expert systems and GIS for cholera health 
risk prediction in Southern Africa. Environmental Modelling 
and Software, 22(4), pp.442-448. 
Flyvbjerg, B., 1998. Rationality and power: Democracy in practice. Chicago: University of Chicago 
Press. 
Flyvbjerg, B., 2001. Making social science matter: Why social inquiry fails and how it can succeed 
again. Cambridge, UK: Cambridge University Press. 
Forestry Commission, 2009. Wood fuel Statistics 2008 provisional figures 
https://www.forestry.gov.uk/forestry/infd-7avhp4 [Accessed November 2012]. 
Forestry Commission Skills Action plan, 2009. Forestry Skills Action Plan. 
https://www.forestry.gov.uk/pdf/ForestryActionPlan_web.pdf/$file/ForestryActionPlan_web.pdf 
[Accessed January 2015]. 
Forestry Commission, 2015. Corporate plan performance indicators 2015-2016, 
/www.forestry.gov.uk/pdf/FCE_HEADLINE_PERFORMANCE_INDICATORS_31DEC15.pdf/$FILE/FCE_H
EADLINE_PERFORMANCE_INDICATORS_31DEC15.pdf. [Accessed November 2016]. 
Forest Research and North Energy Associates, 2012. Carbon impacts of using biomass in bioenergy 
and other sectors: Forests. DECC project TRN 242/08/2011. Final report. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/282812/DECC_car
bon_impacts_final_report30th_January_2014.pdf [Accessed December 2016]. 
Forest Research, 2016. Bioenergy Energy Centre resources have a new home 
https://www.forestry.gov.uk/fr/bec [Accessed January 2016]. 
Forestry Stewardship Council (FSC), 2017. Facts and figures. http://www.fsc-uk.org/en-uk [Accessed 
May 2017]. 
Francis V., 2008. Supply chain visibility: lost in translation? Supply Chain Management: An 
International Journal, 13(3), pp.180–184. 
Gao, L., Hailu, A., 2012. Ranking management strategies with complex outcomes: an AHP-fuzzy 
evaluation of recreational fishing using an integrated agent-based model of a coral reef ecosystem. 
Environmental Modeling and Software, 31, pp. 3-18.  
 
Garcelon, M., 2010. The Missing Key: Institutions, Networks, and the Project of Neoclassical 
Sociology Sociological theory 28(3), pp. 326-353. 
Geertz, C., 1995. After the fact: Two countries, four decades, one anthropologist. Cambridge, MA: 
Harvard University Press. 
Geertz, C., 1973. The Interpretation of Cultures. New York, Basic Books. 
 350 
Gereffi, G., 1994. The Organization of Buyer-Driven Global Commodity Chains: How U. S. Retailers 
Shape Overseas Production Networks, in Gereffi and Korzeniewicz eds., Commodity Chains and 
Global Capitalism, London: Praeger. 
Gereffi, G., 1999. International Trade and Industrial Upgrading in the Apparel Commodity Chain, 
Journal of International Economics, 48(1), pp. 37-70.  
Ghagde, A., Dani, S., Kalawsky, R., 2012. Supply chain risk management: present and future scope, 
International Journal of Logistics Management, 23(3) pp. 313-339. 
Giamietro, M., Maymi, K., Munda, G., 2006. Integrated assessment and energy analysis: Quality 
assurance in multi-criteria analysis of sustainability. Energy, (31) pp. 59–86. 
 
Giordano, R., Liersch, S., 2012. A fuzzy GIS-based system to integrate local andtechnical knowledge 
in soil salinity monitoring. Environmental Modelling andSoftware, (36), pp. 49-63. 
 
Giorgi, A., 1997. The theory, practice and evaluation of the phenomenological method as a 
qualitative research procedure. Journal of Phenomenological Psychology, 28, pp. 235-260. 
doi:10.1163/156916297X00103. 
Glaser B.G., Strauss A.L., 1967. The Discovery of Grounded Theory. Strategies for Qualitative 
Research. Chicago, Aldine Publishing Company. 
Goldbach, M., Seuring, S., Back, S., 2003. Coordinating Sustainable Cotton Chains for the Mass 
Market – The Case of the German Mail Order Business Otto. Greener Management International 43, 
pp. 65-78. 
 
Gnos, C., Rochon, L., 2011. The Keynes Multiplier. In Equality and Class, the Economy of Class; 2 Park 
Square, Milton Park: Abingdon, UK. 
Gold S., Seuring, S., Beske, P., 2010. Sustainable supply chain management and inter-organisational 
resources: a literature review. Corporate Social Responsibility and Environmental Management, 17 
(4) pp. 230-245. 
Greenwood, D. J., Levin, M., 2007. Introduction to action research. Second edition, Thousand Oaks, 
Calif.: Sage Publications. 
Green Council, 2015. UK-GBC briefing: Zero carbon new building policy 
http://www.ukgbc.org/sites/default/files/Zero%20carbon%20policy%20member%20briefing%20-
%20July%202015.pdf. [Accessed August 2015]. 
Grown in Britain, 2016. Maximising the supply chain https://www.grown inbritain.org/ [Accessed 
January 2017]. 
Hamelinck, C.N., Suurs, R.A.A., Faaij, P.C., 2005. International bioenergy transport costs and energy 
balance. Biomass Bioenergy, 29(2) pp. 114–34.  
Hamiliton- Hart, N., Stringer, C., 2015. Upgrading and exploitation in the fishing industry: 
Contributions of value chain analysis. Marine Policy, 63 
http://dx.doi.org/10.1016/j.marpol.2015.03.020i [Accessed January 2015]. 
 351 
Hamilton H.S., Elsawah, S., Guillaume, H.A.J., Jakeman, J.A., Pierce S.A., 2015. Integrated assessment 
and modelling: Overview and synthesis of salient dimensions. Environmental Modelling & Software 
64, pp. 215-229. 
Handfield R.B., Nichols E.L., 1999. Introduction to supply chain management. Upper Saddle River, NJ: 
Prentice Hall. 
Hazlitt, H., 2008. Economics in one lesson. Ludwig von Mises Institute Auburn, Alabama. 
HETAS, 2016. HETAS Biomass Training Courses, http://www.hetas.co.uk/professionals/training-
courses/ [Accessed, October 2016]. 
Ho, W., Zheng, T., Yildiz, H., Talluri, S., 2015. Supply chain risk management: a literature review. 
International Journal of Production Research, 53(16), pp. 5031-5069.  
Hogan G., 2013. UK Trade in wood fuel: An Overview. Forest Research report to Forestry Commission 
on Plant health. Biomass Energy Centre. 
https://www.forestry.gov.uk/pdf/woodfueltradereport.pdf/$file/woodfueltradereport.pdf 
[Accessed September 2016]. 
House of Commons, 2014. Innovate to accumulate: The Government's approach to low carbon 
innovation - Energy and Climate Change. 
https://www.publications.parliament.uk/pa/cm201415/cmselect/cmenergy/344/34404.html 
[Accessed December 2016]. 
House of Commons, 2016. Zero carbon homes Proposals and the Government's decision not to 
proceed with the scheme 
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN06678. [Accessed December 
2016]. 
House of Commons, 2017. Countryside stewardship scheme, one off session evidence session. 
http://data.parliament.uk/writtenevidence/committeeevidence.svc/evidencedocument/environme
nt-food-and-rural-affairs-committee/countryside-stewardship-scheme/written/48938.html 
[Accessed April, 2017]. 
Hull, B. Z. 2005. Are Supply (Driven) Chains Forgotten? The International Journal of Logistics 
Management 16(2) pp. 218–236. 
 
Humphrey J., Schmitz H., 2001. Governance in Global Value Chains, in G.Gereffi and R. Kaplinsky 
(eds.), IDS Bulletin, 32(3). 
Hussein, K., 2002. Livelihoods Approaches Compared: A Multi-Agency Review of Current Practice. 
DfID, London. http://portals.wi.wur.nl/files/docs/ppme/Comparing_SLAs.pdf [Accessed November 
2012].  
IAIA, 2003. International principles for social impact assessment. International Association for Impact 
Assessment Special Publication series no. 2. Fargo, USA. 
http://www.iaia.org/publicdocuments/special-publications/SP2.pdf [Accessed December 2016]. 
 352 
Iakovou, E.D., Vlachos, X., 2010. A Stochastic Inventory Management Model for a Dual Sourcing 
Supply Chain with Disruptions. International Journal of Systems Science, 41, pp.315 -324. 
IEA, 2015. Medium-Term Renewable Energy Market Report International Energy Association France. 
http://www.iea.org/bookshop/480-Medium Term_Renewable_Energy_Market_Report [Accessed 
January 2016] 
Ilbery, B., Maye, D., 2005. Food supply chains and sustainability: evidence from 
specialist food producers in the Scottish/English borders. Land Use Policy, 22(4), pp. 331-344. 
 
International Energy Agency, 2008. Energy Technology Perspectives. IEA, France. 
http://www.iea.org/Textbase/techno/etp/index.asp [Accessed December 2016]. 
Institute of Development studies IDS, 2006. Understanding policy processes. A review of IDS research 
on the environment, Institute of Development Studies, Brighton. 
https://www.ids.ac.uk/files/Policy_Processes 06.pdf [Accessed October 2016]. 
IPSOS MORI, 2015. Evaluation of the of the low carbon buildings programme. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48153/2414-
evaluation-of-the-lcbp-research-report.PDF [Accessed December, 2016]. 
Ivanov, D., Sokolov, B., Solovyeva, I., Dolgui, A., Jie, F., 2015. Ripple effect in the time-critical food 
supply chains and recovery policies. IFAC-Papers Online, 48(3), pp.1682-1687.  
Jüttner, U., Maklan, S., 2011. Supply chain resilience in the global financial crisis: an empirical study. 
Supply Chain Management: An International Journal, 16(4), pp. 246-259. 
Jüttner, U., Peck, H., Christopher, M., 2003. Supply chain risk management: Outlining an agenda for 
future research. International Journal of Logistics: Research & Applications, 6(4) pp. 197-210.  
Kaplinsky, R. Morris, M. 2001. A handbook for value chain research, prepared for International 
Development Research Centre (IDS) Sussex, Brighton. 
https://www.ids.ac.uk/ids/global/pdfs/VchNov01.pdf [Accessed December 2010]. 
Kamalahmadi, M., Parast, M., 2016. A review of the literature on the principles of enterprise and 
supply chain resilience: Major findings and directions for future research. International Journal of 
Production Economics 17, pp.116–133. 
Kanji, N., MacGregor, J., Tacoli, C., 2005. Understanding market-based livelihoods in a globalising 
world: combining approaches and methods. International Institute for Environment and 
Development (IIED). 
https://vtechworks.lib.vt.edu/bitstream/handle/10919/67632/3537_MethodsMarketBasedLivelihoo
ds.pdf?sequence=1&isAllowed=y [Accessed December2010]. 
Kaplinsky, R., 2000. Spreading the Gains from Globalisation: What can be learned from value chain 
analysis? IDS Working Paper, 110. https://www.ids.ac.uk/publication/spreading-the-gains-from-
globalisation-what-can-be-learned-from-value-chain-analysis. 
[Accessed December 2010]. 
 353 
Kerschner, C., Hubacek, K., 2009. Assessing the suitability of input–output analysis for enhancing our 
understanding of potential economic effects of peak oil. Energy, 34, pp.284–290. 
Kretschmer, B., Peterson, S., 2010. Integrating bioenergy into computable general equilibrium 
models- A survey. Energy Economics, 32, pp.673–686. 
Kim, Y., Chen, Y.S., Linderman, K., 2015. Supply network disruption and resilience: A network 
structural perspective. Journal of operations Management, pp. 43-59. 
Knemeyer, A.M., Zinn, W., Eroglu, C., 2009. Proactive planning for catastrophic events in supply 
chains. Journal of Operations Management, 27(2), pp. 141-153.  
Kollmair, M., Gamper, S., 2002. The Sustainable Livelihood Approach. Input Paper for the Integrated 
Training Course of NCCR North-South. Development Study Group. University of Zurich. 
https://www.alnap.org/help-library/the-sustainable-livelihoods-approach-input-paper-for-the-
integrated-training-course [Accessed December 2010]. 
Krajnc, J., Domac, J., 2007. How to model different socio-economic and environmental aspects of 
biomass utilisation: Case study in selected regions in Slovenia and Croatia. Energy Policy, 35, pp. 
6010-6020. 
Kretschmer, B., Peterson, S., 2010. Integrating bioenergy into computable general equilibrium 
models-A survey. Energy Economics 32, pp.673–686. 
Kristianto, Y., Gunasekaran, A., Helo, P., Hao Y., 2014. A model of resilient supply chain network 
design: A two-stage programming with fuzzy shortest path. Expert systems with applications, 41, pp. 
39-49. 
Kogg, B., 2003. Greening a cotton-textile supply chain. A case study of the transition towards organic 
production without a powerful focal company. Greener Management International 43, pp.53–64. 
Kuhn, T.S., 1987. What are scientific revolutions? In L. Kruger, L. J. Daston, & M. Heidelberger eds. 
The probabilistic revolution, Vol. 1: Ideas in history. Cambridge, MA: MIT Press.  
Kuper, A., Kuper, J., eds. 1985. The social science Encyclopaedia. London: Routledge.  
Lauf, S., Haase, D., Hostert, P., Lakes, T., Kleinschmit, B., 2012. Uncovering land-use dynamics driven 
by human decision-making a combined model approach using cellular automata and system 
dynamics. Environmental Modeling and Software 27(28), pp. 71-82. 
 
Leat, P., Revoredo-Giha, C., 2013. Risk and resilience in agri-food supply chains: the case of the ASDA 
pork link supply chain in Scotland. Supply chain management: An international journal, 18(2), pp. 
219-231. 
Lehtonen, H., Barlund, I., Tattari, S., Hilden, M., 2007. Combining dynamic economic analysis and 
environmental impact modelling: addressing uncertainty and complexity of agricultural 
development. Environmental Modelling and Software 22(5), pp. 710-718. 
 
Leontif, W. 1986. Input and output Economics Oxford University Press. 
 354 
Letcher, R.A., Jakeman, A.J., 2003. Integrated assessment and modelling: features, principles and 
examples for catchment management. Environmental. Modelling and Software, 18, pp. 491-501. 
Letcher, R.A., Jakeman, A.J., Barreteau, O., Borusuk, M.E., Elsawah S., Hamilton, S.H., Henriksen, J.H., 
Kuikka, S., Maier, H.R., Rizzoli, E.A., Delden van, D., Voinov, A.A., 2013. Selecting among five common 
modelling approaches for integrated environmental assessment and management. Environmental 
Modelling & Software, 47, pp. 159-181.  
Leung, W., Noble, B., Gunn, J., Jaeger, J.A.G., 2015. A review of uncertainty research in impact 
assessment. Environmental Impact Assessment Review, 50, pp. 116–123. 
Levontin, P., Kulmala, S., Haapasaari, P., Kuikka, S., 2011, Integration of biological, economic and 
sociological knowledge by Bayesian belief networks: the interdisciplinary evaluation of potential 
Baltic salmon management plan. ICES. Journal of Marine Science, 68, pp.632-638. 
 
Lindegaard, K. 2013, Why we need an Energy Crop scheme 3, A position paper, Crops for Energy Ltd, 
www. crop4energy.co.uk  [Accessed January 2017]. 
Lloyd, C., Dey, P., 2014. Supply chain integration in the UK bioenergy industry: findings from a pilot 
study. Journal of Cleaner Production, 79, pp. 41-52. 
LCICG, 2014. Co-ordinating low carbon Technology Innovation Support: The Strategic framework, 
Low Carbon Innovation Co-ordination group 
http://www.lowcarboninnovation.co.uk/working_together/strategic_framework/overview/ 
[Accessed December 2016]. 
LCICG, 2016. Low Carbon Innovation Co-ordination Group Low Carbon Innovation Co-ordination 
Group Technology focus area. 
http://www.lowcarboninnovation.co.uk/working_together/technology/focusareas/overview 
[Accessed January 2016]. 
Mack, N., Woodsong, C., Macqueeen, K.M., Quest, G., Namey, E., 2005. Qualitative Research 
Methods: A data collectors field guide. 
https://www.fhi360.org/sites/default/files/media/documents/Qualitative Research Method 
DataCollector Field Guide.pdf [Accessed October 2016]. 
MacIntyre, A. 1984. After virtue: A study in moral theory (2nd ed.). Notre Dame, IN: University of 
Notre Dame Press. 
 Mackenzie, 2007. Issues and recommendations for social and economic impact assessment in the 
Mackenzie Valley. Mackenzie Valley Environmental Impact Review Board 
http://www.reviewboard.ca/upload/ref_library/SEIA_paper.pdf. [Accessed August 2016]. 
Madlener, R., Hayley, M., 2000. Modelling Socioeconomic Aspects of Bioenergy Systems. A survey 
prepared for IEA Bioenergy Task 29. https://www.fcn.eonerc.rwthaacchen.de/global /show_ 
document.asp? [Accessed October 2012]. 
 Madlener, R., Koller, M., 2007. Economic and CO2 mitigation impacts of promoting biomass heating 
systems: an input–output study for Vorarlberg, Austria. Energy Policy, 35(12), pp. 6021–6035. 
Mafakheri, F., Genus, A., 2014. A neo-institutional perspective of supply chains and energy security: 
Bioenergy in the UK, Applied Energy. 123, pp. 307–315.  
 355 
Mason-Jones, R., Towill, D.R., 1998. Shrinking the supply chain uncertainty circle, Control, 24(7), pp. 
17-22.  
McCormick, K., 2005. Sustainable Bioenergy Systems: Experiences from Sweden. Proceedings of the 
Asia Pacific Roundtable on Sustainable Consumption and Production, 10 to 12 October 2005, 
Melbourne, Australia. 
McCormick, K., Kaberger, T., 2007. Key barriers for bioenergy in Europe: economic conditions, know-
how and institutional capacity, and supply chain co-ordination. Biomass and Bioenergy. 31, pp. 443–
452.  
McFadden, L., Priest, S. Green, C., 2010. Introducing institutional mapping: A guide for SPICOSA 
scientists, Spicosa Project Report, London, Flood Hazard Research Centre, Middlesex University. 
http://www.coastalstep/support/introducing_institutional_mapping.pdf. [Accessed June 2016]. 
McManus, H., Hastings, D., 2006. A framework for understanding uncertainty and its mitigation and 
exploitation in complex Systems. IEEE Engineering Management Review, 34(3), pp. 81-81. 
Mendoza, G.A., Martins, H., 2006. Multi-criteria decision analysis in natural resource management: a 
critical review of methods and new modelling paradigms. Forest Ecology and Management. 230, pp. 
1-22. 
Mendoza, G.A., Prabhu, R., 2005. Combining participatory modelling and multi-criteria analysis for 
community-based forest management. Forest Ecology and Management, 207 (1-2), pp. 145–156. 
Menezes, B.C J.D., Kelly, I.E., Grossmann, 2015. Phenomenological Decomposition Heuristic for 
process Design Synthesis in the Oil Refining Industry.  Computer Aided Chemical Engineering, 37, pp. 
1877-1882. 
 
Mensah, P., Merkuryev, Y. 2014. Developing a resilient supply chain, Procedia-Social and behavioural 
sciences, 110, pp. 309-319. 
Mentzer, J.T., DeWitt, W., Keebler, J.S., Min, S., Nix, N.W., Smith, C.D., Zacharia, Z.G., 2001. Defining 
supply chain management. Journal of Business Logistics 22(2), pp. 1-25. 
Microgeneration Certification Scheme (MCS) database, 2016. 
http://www.microgenerationcertification.org/about-us/statistics [Accessed January 2017] 
Millet, I., Wedley, W., 2002. Modelling risk and uncertainty with the analytic hierarchy process. 
Journal of Multi-criteria Decision Analysis 11, pp. 97–107.  
Min, S., Roath, A.S., Daugherty, P.J., Genchev, S.E., Chen, H., Arndt, A.D. and Glenn Richey, R., 2005. 
Supply chain collaboration: what's happening? The International Journal of Logistics Management, 
16(2), pp. 237-256. 
 
Mitchell, R. G., Jr., Charmaz, K., 1996. Telling tales, writing stories: Postmodernist visions and realist 
images in ethnographic writing. Journal of Contemporary Ethnography, 25(1), pp. 144-166. 
Mitchell, V.W., 1995. Organisational risk perception and reduction: a literature review. British 
Journal of Management, 6(2), pp. 115-133.  
 356 
Morse, S., McNamara, N., Acholo, M., 2009. Sustainable Livelihood Approach: A critical analysis of 
theory and practice. Reading Geographical Paper. 
https://www.reading.ac.uk/web/files/geographyandenvironmentalscience/GP189.pdf [Accessed 
August 2014]. 
Murugesan, P., Natarajan, T., Lakshminarayanan, M., 2013. Assessment of Supply Chain Risk: Scale 
Development and Validation, Benchmarking: An International Journal, 20(1), pp. 79-105.   
Myles, H., 2001. Socio-economic modelling of bioenergy systems. In: Proceedings from the IEA 
Bioenergy Task 29 International Workshop, Alberta, pp. 81–87. 
Narasimhan, R., Talluri, S., 2009. Perspectives on risk management in supply chains Journal of 
Operations Management, 27(2), pp. 114-118.  
National Audit Office, 2013. National Public funding for innovation in low carbon technologies in the 
UK: Briefing for the House of Commons Energy and Climate Change Select Committee. 
http://www.parliament.uk/documents/commons-committees/energy-and-climate-change/04-NAO-
Briefing-for-ECC-Public-funding-for-innovation-in-low-carbon-technology-FINAL.pdf [Accessed 
October 2016]. 
National Audit Office, 2010. Report by the Comptroller and Auditor general HC- 35 Session 2010-
2011. https://www.nao.org.uk/wp-content/uploads/2010/09/1011288.pdf [Assessed, 2010]. 
NNFCC, 2011. UK jobs in the bioenergy sectors by 2020, National Non-Food Crops Centre, York, 
Number: 11-025. A report for DECC URN: 12D/080. http://www.nnfcc.co.uk/bioenergy  [Accessed 
September 2012]. 
NNFCC, 2012. Domestic Energy Crops: Potential and Constraints Review. National Non-Food Crops 
Centre, York.  Report for DECC URN 12D/081. 
NERA/AEA, 2009. The UK supply curve for Renewable heat. A study for Department of Energy and 
Climate change. NERA consulting Ltd, Ref: URN 09D/689.  
Nikookar, H., Takala, J., Kontola, J., 2014. A qualitative approach for assessing resiliency in supply 
chains. Management and Production Engineering Review, 5, pp. 36-45. 
OFGEM, 2011. The Renewable Obligation, Final Annual report. Office of Gas and Electricity Markets, 
www.ofgem.gov.uk. [Accessed November 2016].  
OFGEM, 2016.  Non-Domestic Renewable Heat Incentive annual report 2015- 2016. 
https://www.ofgem.gov.uk/system/files/docs/2016/07/nondomestic_rhi_annual_report 2015-
16.pdf [Accessed November 2016]. 
OFGEM, 2016b. Domestic Renewable Heat Incentive annual report 2015- 2016 
https://www.ofgem.gov.uk/environmental-programmes/domestic-rhi/contacts-guidance-and-
resources/public-reports [Accessed November 2016]. 
 357 
Ostrom, E., 1999. Institutional Rational Choice: an Assessment of the Institutional Analysis and 
Development Framework’, in P. Sabatier, eds. Theories of the Policy Process. Boulder, CO: Westview 
Press, pp. 35-72. 
Oxford Living Dictionary, 2017. The definition of socioeconomic 
s://en.oxforddictionaries.com/definition/socio-economic [Accessed November 2016]. 
Pagell, M., Wu, Z., 2009. Building a more complete theory of sustainable supply chain management 
using case studies of 10 exemplars. Journal of Supply Chain Management, 45(2) pp. 37–56. 
 
Papageorgiou, L.G., 2009. Supply chain optimisation for the process industries: 
Advances and opportunities. Computers and Chemical Engineering, 33, pp. 1931–1938 
 
Paulsson, U., 2004, Supply chain risk management, in Brindley, C., eds. Supply Chain Risk, Ashgate, 
London. 
Peattie, L., 2001. Theorising planning: Some comments on Flyvbjerg’s rationality and power. 
International Planning Studies, 6(3), pp. 257-262. 
Peck H., 2006. Reconciling Supply Chain Vulnerability. Risk and Supply Chain Management. 
International Journal of Logistics Research and Applications 9(2), pp. 127-142.  
Peck, H., 2005. Drivers of supply chain vulnerability: an integrated framework. International Journal 
of Physical Distribution and Logistics Management. 35(4), pp. 210-232. 
Peck, H., 2004. Understanding the sources and drivers of supply chain risk. The Financial Times 
Handbook of Management, 3rd edition, London: Pearson Publishing.  
Pérez-Miñana, E., Krause, P.J., Thornton, J., 2012. Bayesian networks for the management of 
greenhouse gas emissions in the British agricultural sector. Environmental Modelling and Software, 
35, pp.132-148. 
 
Petersen, A.C., Cath, A., Hage, M., Kunseler, E., van der Sluijs J.P., 2011. Post-normal science in 
practice at the Netherlands environmental assessment agency. Science, Technology, & Human 
Values, 36(3), pp. 362–388. 
Pettit, T., Joseph, F., Keely, L.C., 2010. Ensuring Supply Chain Resilience: Development of a 
Conceptual Framework. Journal of Business Logistics, 31(1), pp 1-21. 
Pettit T.J., Croxton K.L., Fiksel, J., 2013. Ensuring supply chain resilience: development and 
implementation of an assessment tool. Journal of Business Logistics, 34(1), pp. 46-76. 
Ponomarov, S.Y., Holcomb, M.C., 2009. Understanding the concept of supply chain resilience. 
International Journal of Logistics Management, 2(1), pp. 124–143. 
Porter, M., 1985. Competitive Advantage: Creating and Sustaining Superior Performance New York: 
Free Press.  
Porter, M., 1985. Competitive Strategy: Techniques for Analysing Industries and Competitors, New 
York, The Free Press. 
 358 
Prater, E., 2005. A Framework for Understanding the Interaction of Uncertainty and Information 
Systems on Supply Chains. International Journal of Physical Distribution & Logistics Management, 
35(7), pp. 524-539. 
Prater, E., Biehl, M., Smith, M.A., 2001. International Supply Chain Agility-Trade-offs between 
Flexibility and Uncertainty. International Journal of Operations & Production Management, 21(5/6), 
pp. 823-839. 
Programme for the Endorsement of Forest Certification (PEFC), 2017. PEFC Global Statistics   SFM 
and COC certification. www. pefc.org. [Accessed May 2017]. 
Proper, J.W., 2011. How to manage resilience in public transport organizations. Conference 
Contribution to the Transport Planning Research. www.cvscongres.nl/cvspdfdocs/cvs11_031.pdf 
[Accessed August 2015] 
Puy, N., Tàbara, D., Molins, J.B., Almera, J.B., Rieradevall, J., 2008. Integrated Assessment of forest 
bioenergy systems in Mediterranean basin areas: the case of Catalonia and the use of participatory 
IA-focus groups. Renewable and Sustainable Energy Reviews 12(5), pp-1451-1464. 
Qin, H.P., Su, Q., Khu, S.T., 2011. An integrated model for water management in a rapidly urbanising 
catchment. Environmental Modelling and Software 26, pp.1502-1514 
 
Ragin, C. C. 1992. “Casing” and the process of social inquiry. In C. C., Ragin, H. S., Becker, eds, What is 
a case? Exploring the foundations of social inquiry (pp. 217-226). Cambridge, UK: Cambridge 
University Press. 
RCEP, 2004. Royal Commission on Environmental Pollution (RCEP). Biomass as a Renewable Energy 
Source. http://webarchive.nationalarchives.gov.uk/20060716005107/. [Accessed August 2015]. 
Redpoint/Trilemma, 2009. Implementation of the EU 2020 Renewables Target in the UK Electricity 
Sector: RO Reform; A report for the Department of Energy and Climate change (DECC).  Copyright © 
Redpoint Energy Ltd. 
Redpoint/Ecofys, 2012. Appropriate Uses of Biomass, Final Report for the UK Department of Energy 
and Climate Change, and the Committee on Climate Change April. Copyright © Redpoint Energy Ltd. 
Renewable Heat Incentive (2016). Non-domestic renewable heat incentive annual report 
https://www.ofgem.gov.uk/system/files/docs/2016/07/non-domestic rhi _ annual _report .pdf 
[Accessed December 2016]. 
Renting, H., Marsden, T.K., Banks, J., 2003. Understanding alternative food networks: exploring the 
role of short food supply chains in rural development. Environment and planning A, 35(3), pp. 393-
411. 
 
Reuter, C., Foerstl, K., Hartmann, E., Blome C., 2008. Sustainable global supplier management: The 
role of dynamic capabilities in achieving competitive advantage. Journal of Supply Chain 
Management, 46(2), pp. 41-52. 
 
Ritchie, B., Brindley, C., 2007. Supply Chain Risk Management and Performance: A Guiding 
Framework for Future Development, Emerald Group Publishing Limited, 27, pp. 303-322.   
 359 
Robinson, D., 2011 Mapping the Woodfuel System. Forest Research, Farnham. 
www.forestry.gov.uk/forestresearch [Accessed May 2017] 
 
Roca, E., Gamboa, G., T`abara, J.D., 2008. Assessing the multidimensionality of coastal erosion risks. 
Public participation and Multicriteria analysis (MCA) in a Mediterranean coastal system. Risk 
Analysis, 28, pp. 399–412. 
 
Rodrigues, V.S., Potter, A., Naim, M.M., 2010. The Impact of Logistics Uncertainty on Sustainable 
Transport Operations. International Journal of Physical Distribution & Logistics Management, 
40(1/2), pp. 61-83. 
Roth, P. A. 1989. How narratives explain. Social Research, 56(2), pp. 449-478. 
Rotmans, J., van Asselt, M.B.A., 2008. Towards an integrated approach for sustainable city planning. 
Journal of Multi-Criteria Decision Analysis, 9, pp. 110-124. 
  
Rouse, J. 1990. The narrative reconstruction of science. Inquiry, 33(2), 179-196. 
Rutledge, D.T., Cameron, M., Elliott, S., Fenton, T., Huser, B., McBride, G.,McDonald, G., O’Connor, 
M., Phyn, D., Poot, J., Price, R., Scrimgeour, F., Small, B.,Tait, A., Van Delden,  
Samuelson, P.A., Nordhaus, W.D., 2001. Economics, 17th international eds. McGraw-Hill, Boston. 
Sanchez-Rodrigues, V., Potter, A., Naim, M.M., 2010. Evaluating the Causes of Uncertainty in 
Logistics Operations. International Journal of Logistics Management, 21(1), pp. 45-64. 
Sanchez-Rodrigues, V., Stantchev, D., Potter, A., Naim, M., Whiteing, A., 2008. Establishing a 
Transport Operation Focused Uncertainty Model for the Supply Chain. International Journal of 
Physical Distribution & Logistics Management, 38(5) pp. 388-411.   
Sawik, T., 2013. Selection of resilient supply portfolio under disruption risks. Omega: International 
Journal of Management Science, 41, pp. 259-269. 
Scholten, K., Scott, P.S., Fynes, B., 2014. Mitigation processes - antecedents for building supply chain 
resilience. Supply Chain Management: An International Journal, 19(2), pp. 211–228.  
Scoones, I., 2009. Livelihoods Perspectives and Rural Development. Journal of Peasant Studies, 36(1), 
pp. 171–196.  
Scott, J.A., Ho, W., Dey, P.K., 2012. A review of multi-criteria decision-making methods for bioenergy 
systems. Energy, 42(1), pp.146–56.   
Selwyn, B., 2008. Institutions, Upgrading and Development: Evidence from North East Brazilian 
Export Horticulture. Competition and Change, 12(4), pp. 377–96. 
Serhiy, Y., Ponomarov, M., Holcomb, C., 2009. Understanding the concept of supply chain resilience, 
The International Journal of Logistics Management, 20(1), pp. 124-143.  
 Seuring, S., Müller, M., 2008. From a literature review to a conceptual framework for sustainable 
supply chain management. Journal of Cleaner Production 16(15), pp. 1699-1710. 
Seuring, S., 2001. Green Supply Chain Costing – Joint Cost Management in the Polyester Linings 
Supply Chain, Greener Management International 33, pp. 71–80. 
 360 
 
Seuring S., 2008. Assessing the Rigor of Case Study Research in Supply Chain Management. Supply 
Chain Management – An International Journal 13(2), pp. 128–137. 
 
Seuring S., Gold, S., 2011. Supply chain and logistics issues of bio-energy production. Journal of 
Cleaner Production, 19, pp. 32-42. 
Seuring, S., 2011. Supply Chain Management for Sustainable Products – Insights from Research 
Applying Mixed Methodologies. Business Strategy and the Environment, 20, pp. 471–484  
 
Seville, E., Brunsdon, D., Dantas, A., LeMasurier, J., Wilkinson, S., Vargo, J., 2006. Building 
organisational resilience: a summary of key research findings. Resilient Organisations Research 
Programme, Christ church, New Zealand. 
Sheffi, Y., Rice Jr., J.B., 2005. A supply chain view of the resilient enterprise. MIT Sloan Management 
Review, 47(1), pp. 40–48. 
Sherrington, C. Moran, D. 2010. Modelling farmer uptake of perennial energy crops in the UK. 
Energy Policy, 38, pp. 3567–3578. 
Simangunsong, E., Hendry, L.C., Stevenson, M., 2012. Supply-Chain Uncertainty: A Review and 
Theoretical Foundation for Future Research. International Journal of Production Research, 50(16), 
pp. 4493-4523.   
Sims, S., 2006. Sustainable Food Supply Chains. Thesis submitted in part fulfilment of EngD University 
of Surrey. 
Sinclair, P., Cohen, B., Hansen, Y., Basson, L., Clift, R., 2015. Stakeholder engagement within the 
sustainability assessment of bioenergy: Case studies in heat, power and perennial and annual crops 
from the UK. Biomass and bioenergy, 73, pp. 11-22. 
Slade, R., Panoutsou, C., Bauen, A., 2009. Reconciling bio-energy policy and delivery in the UK: Will 
UK policy initiatives lead to increased deployment? Biomass and Bioenergy, 33, pp. 679–688. 
Slater J., Robinson J., Weil A., 2010. Participatory methods of integrated assessment-a review. WIREs 
Climate Change, 1, 697–717. 
 
Sneddon, A., Christopher, S., 2000. Sustainability in Ecological Economics, Ecology and Livelihoods: A 
Review. Progress in Human Geography, 24(4), pp. 521-549.  
South East Planning and Partnership Board, 2010. Strategic Environmental Assessment of the 
Revocation of the South East Regional Strategy. 
webarchive.nationalarchives.gov.uk/20100824194658/http://www.se-parterneshipboard.org.uk 
/page/5/view/147/sub/77/publications-and-research. [Accessed November 2016]. 
Soni, U., Jain, V., Kumar, S., 2014. Measuring supply chain resilience using a deterministic modelling 
approach. Computers and Industrial Engineering, 74, pp. 11-25.  
Spiegler, V.L., Mohamed, M.N., Wikner, J., 2012. “A control engineering approach to the assessment 
of supply chain resilience”. International Journal of Production Research, 50(21), pp. 6162-6187.  
 361 
Stake, R. E., 1995. The art of case study research. Thousand Oaks, CA: Sage. 
Stern, N., 2007. ‘The Stern review: Economics of Climate Change’, Cambridge University Press  
http://www.hm-treasury.gov.uk/sternreview_index.htm [Accessed December 2016]. 
SIA, 2016. The contribution wood burning stove can make to carbon reduction and sustainable 
energy. Stove industry alliance http://www.stoveindustryalliance.com/newsarticle/ [Accessed 
September 2016]. 
Sullivan-Taylor, B., Branicki, B., 2011. Creating resilient SMEs: why one size might not fit all. 
International Journal of Production Research. 49(18), pp. 5565–5579.   
Sutton, R., 1999. The Policy Process and Overview, Overseas Development Institute London: 
Chameleon Press Ltd ISBN 0 85003 417 5 © Overseas Development Institute. 
http://www.eldis.org/vfile/upload/1/document/0708/DOC7279.pdf 
[Accessed August 2015]. 
 
Svensson, G., 2004. Vulnerability in business relationships: The gap between dependence and trust, 
Journal of Business and Industrial Marketing, 19(7), pp. 469-483.  
T`abara, J.D, Roca, E., Madrid, C, Valkering, P., Wallman, P, Weaver P., 2008. Participatory integrated 
sustainability assessment of water systems. Lessons from the Ebro river basin. International Journal 
for Sustainable Development and Innovation, 3, pp. 48–69. 
 
Tang, C.S., 2006. Perspectives in supply chain risk management. International Journal of Production 
Economics, 103(2), pp. 451-488. 
Tennøy, A., Kværner, J., Gjerstad, K.I., 2006. Uncertainty in environmental impact assessment 
predictions: the need for better communication and more transparency. Impact Assessment and 
Project Appraisal 24(1), pp. 45–56. 
Terrados, J., Almonacid, G., Hontoria, L., 2007. Regional energy planning through SWOT analysis and 
strategic planning tools: impact on renewables development. Renewable and Sustainable Energy 
Reviews, 11, pp. 1275-1287. 
The global-bio-pact project, 2012. Identification of socio-economic impacts of conversion chains. 
Introduction to socio-economic impact analysis. Global-Bio-Pact. 
http://www.globalbiopact.eu/socio-economic-impacts.html [Accessed January 2016] 
The Joint Wood Energy Enquiry, 2014. UNECE/FAO Forestry and Timber Section: 
www.woodenergy.timber@unece.org [Accessed September 2015]. 
Thornley, P., Cooper, D., 2008. The effectiveness of policy instruments in promoting bioenergy. 
Biomass and Bioenergy, 32, pp. 903–913. 
The National Energy Foundation, 2009 Development and promotion of a transparent European 
Pellets Market; Creation of a European real-time Pellets Atlas, Pellet market country report UK 
National Energy Centre Milton Keynes. https://pelletsatlas.info/wp-
content/uploads/2015/09/United-Kingdom_CR.pdf. [Accessed January 2016]. 
 362 
Tokar, T., 2010. Behavioural research in logistics and supply chain management. The International 
Journal of Logistics Management, 21(1), pp. 89-103. 
 
Tomlin, B., 2006. On the value of mitigation and contingency strategies for managing supply chain 
disruption risks.  Management Science, 52(5), pp. 639-657. 
Tromberg, E., Folsand, T., Bolkes, J., Birger, S., 2007. Impacts of policy means for increased use of 
forest-based bioenergy in Norway—A spatial partial equilibrium analysis. Energy Policy, 37, pp. 
5980–5990.  
Tubby, I.  2015, Bringing More Woodland into Management (A strategic discussion), England 
Committee team. Paper 3/15. https://www.forestry.gov.uk/pdf/SIS2015-Programme3_Delivering-
resilient-forests.pdf/$FILE/SIS2015-Programme3Delivering-resilient-forests.pdf [Accessed October 
2016]. 
Turnbull, D., 1989. Maps are territories: science is an atlas. The University of Chicago Press, Chicago. 
UKERC, 2011. Energy from Biomass: the size of the global resource: An assessment of the evidence 
that biomass can make a major contribution to future global energy supply. UK Energy Research 
Centre. http://www.ukerc.ac.uk/publications/energy-from-biomass-the-size-of-the-global-
resource.html [Accessed December 2016] 
UK Environment protection, 2013. Solid fuel and Air quality: An Update for local 
authoritieshttp://www.environmental-protection.org.uk/wp content/uploads/2013/07/Solid-Fuel-
and-Air-Quality-Update-for-LAs-final-060413.pdf [Accessed November 2016]. 
UK Pellet Council (UKPC), 2016. Certified Enplus traders and producers 
http://www.pelletcouncil.org.uk/consumer-information. [Accessed December 2016]. 
GIB, 2016, UK Green Investment Bank PLC Annual Report and Accounts 2015-16  
http://www.greeninvestmentbank.com/media/118884/gib-annual-report-2016-web-single-
pages.pdf [Accessed December 2016]. 
UK trade Info, 2013. Her Majesty Revenue & Customs (HMRC). UK Trade information and statistics, 
https://www.uktradeinfo.com/Pages/Home.aspx [Accessed September 2016] 
UNEP, 2002. Environmental Impact Assessment Training Resource Manual, Second Edition. United 
Nations Environment Programme, Geneva Switzerland. 
http://www.unep.ch/etu/publications/EIAman_2edition_toc.htm. [Accessed September 2016]. 
Uyarra, E., Philip, S., Harding, A., 2016. Low carbon innovation and enterprise growth in the UK: 
Challenges of a place-blind policy mix. Technological Forecasting & Social Change, 103, pp. 264–272. 
Van, A. L., Wei-Yew, C., Pharo, C., 2014. Benefit-cost analysis of hybrid willow crop production on 
agricultural land in eastern Canada: Assessing opportunities for on-farm and off-farm bioenergy use. 
Biomass and Bioenergy, 63, pp. 257-267. 
 
 
 
 363 
Van Delden, H., Stuczynski, T., Ciaian, P., Paracchini, M.L., Hurkens, J., Lopatka, A.,Shi, Y., Gomez 
Prieto, O., Calvo, S., Van Vliet, J., Vanhout, R., 2010 Integratedassessment of agricultural policies 
with dynamic land use change modelling. Ecological Modelling, 221(18), pp. 2153-2166. 
 
Van der Horst, D., 2005. UK biomass energy since 1990: the mismatch between project types and 
policy objectives. Energy Policy, 33, pp. 705–716. 
Van Eijck, A. Martijn, V, Faaij, A., 2012. Socio-economic indicators identified by case studies. 
Evaluation of measurable socio-economic units and suggestions for future work. Utrecht University, 
The Netherlands; Report of the FP7 Global-Bio-Pact Project (FP7-245085) 
http://www.globalbiopact.eu/case-studies.html [Accessed June 2014]. 
Vilém, S., Zigic, K., Loizou, E., Golemanova-Kuharova, A., 2010. Regional Input-output analysis: 
Application on rural regions in Germany, the Czech Republic and Greece. Paper prepared for 
presentation at the 118th seminar of the EAAE. Ljubljana, Slovenia, August 25-27. 
Vilko, J., Ritala, P., Edelmann, J., 2014. On uncertainty in supply chain risk management. The 
International Journal of Logistics Management, 25(1), pp.3 -19.  
Martijn, V., 2012. An Introduction to socioeconomic Impact analysis. Global Assessment of Biomass 
and Bioproduct Impacts on Socio-economics and Sustainability. 
http://www.globalbiopact.eu/images/stories/publications/Global-Bio-PactTask%203.2%20-
Report.pdf [Accessed June 2015]. 
Vlajic, J.V., Lokven, S.W.M., Haijema, R., Vandervorst, G.A.J., 2012. Using vulnerability performance 
indicators to attain food supply chain robustness. Production Planning & Control, 24(8-9), pp. 785-
799. 
Wagner, S.M., Bode, C., 2006. An empirical investigation into supply chain vulnerability. Journal of 
Purchasing and Supply management, 12, pp. 301-312.  
Wagner, S.M., Neshat, N., 2010. Assessing the vulnerability of supply chains using graph theory. 
International Journal of Production Economics, 126(1), pp. 121-129.  
Wagner S.M., Neshat N., 2012. A comparison of supply chain vulnerability indices for different 
categories of firms. International Journal of Production Research. 50, pp. 2877-2891.  
Walker, W.E., Harremoës, P., Rotmans, J., van der Sluijs J.P., van Asselt M.B.A., Janssen P., 2003. 
Defining uncertainty: a conceptual basis for uncertainty management in model based decision 
support. Integrated Assessment, 4(1), pp. 5-17.  
Wang, M., Jie, F., Abareshi, A., 2014. The Measurement Model of Supply Chain Uncertainty and Risk 
in the Australian Courier Industry. Operations and Supply Chain Management, 7(3), pp. 89-96  
Wang, X., Herty, M., Zhao, L., 2015. Contingent rerouting for enhancing supply chain resilience from 
supplier behaviour perspective. International Transportation Operation Research, 34, pp. 1–22.   
Wedderburn, H.M.E., Woods, R.A., 2008. Choosing regional futures: challenges and choices in 
building integrated models to support long-term regional planning in New Zealand. Regional Science 
Policy and Practice, 1(1), pp. 85-108. 
 364 
 
Weick, K.E., Sutcliffe, K.M. Obstfeld, D., 1999. Organising for high reliability: processes of collective 
mindfulness, Research in Organizational Behavior, 21, pp. 13-81. 
White, H., 1990. The content of the form: Narrative discourse and historical representation. 
Baltimore: Johns Hopkins University Press. 
Wicher, P., Lenort, R., 2012. The ways of creating resilient supply chains, [CD-ROM]. In: Proceedings 
of CLC 2012: Carpathian Logistics Congress. pp. 688–694.   
Wicke, B., 2006. The socio-economic impacts of large-scale land use change and export- oriented 
bio-energy production in Argentina; quantifying the direct, indirect and induced impacts of 
agricultural intensification and bio-energy production with input-output analysis. M.Sc. thesis. 
Utrecht, Department of Science, Technology and Society, Copernicus Institute.  
Wieland, A., Wallenburg, C.M., 2013. The influence of relational competencies on supply chain 
resilience: a relational view. International Journal of Physical Distribution & Logistics Management, 
43(4), pp. 300-320. 
Wieviorka, M., 1992. Case studies: History or sociology? In C. C. Ragin & H. S. Becker eds., What is a 
case? Exploring the foundations of social Inquiry (pp. 159-172). Cambridge, UK: Cambridge University 
Press. 
Wildavsky, A. 1988. Searching for Safety. Transaction Books, New Brunswick, NJ. 
Wiklund, H. 2011. Why high participatory ideals fail in practice: a bottom-up approach to public non-
participation in EIA. Journal of Environmental Assessment, Policy and Management, 13(2), pp. 159-
178. 
Womack, P., Daniel, T., 1996. Lean Thinking: Banish Waste and Create Wealth in Your Corporation, 
N. York: Simon & Schuster. 
Wood, G., 2008. Thresholds and criteria for evaluating and communicating impact significance in 
environmental statements: ‘See no evil, hear no evil, speak no evil’? Environmental Impact 
Assessment Review, 28(1), pp.22–38.  
Wood Heat Association, 2016. WHA response to Consultation on proposed reforms to the existing 
Domestic and Non-Domestic Renewable Heat Incentive schemes 
http://www.woodheatassociation.org.uk/media/2016/04/160427-wha-response-to-rhi-
consultation.pdf . [Accessed December 2016]. 
Woodland Trust, 2013. Bioenergy in the UK, position statement, https://www.woodlandtrust.org.uk/ 
[Accessed December 2016]. 
Woodsure, 2016. Woodfuel producer & supplier certification. https://woodsure.co.uk/supplier-
certification. [Accessed December 2016]. 
Xiao, J., Wang, F., 2014. Resilience optimisation for medical device distribution networks based on 
node failures. International Journal of Supply Chain Management, 3, pp.113-120. 
 365 
Yang, B., Yang, Y., 2010. Postponement in supply chain risk management: a complexity perspective, 
International Journal of Production Research, 48(7), pp. 1901-1912.  
Yeh, S.C., Wang, C.A., Yu, H.C., 2006. Simulation of soil erosion and nutrient 
impact using an integrated system dynamics model in a watershed in Taiwan. Environmental 
Modelling and Software, 21, pp. 937-948. 
 
Yue, D., You, F., Snyder, S.W., 2014. Biomass-to-bioenergy and biofuel supply chain optimisation: 
Overview, key issues and challenges, Computers and Chemical Engineering, 66, pp. 36–56. 
 
Zhang, B., Zhang, Y., Bi, J., 2011. An adaptive agent-based modeling approach for analysing the 
influence of transaction costs on emissions trading markets.Environmental Modelling and Software, 
26(4), pp. 482-491. 
 
Zhang, C., Liu, X., Jiang, Y. P., 2015. A two-stage resource allocation model for lifeline systems quick 
response with vulnerability analysis. European Journal of Operational Research, 250(3), pp. 145-156. 
Zhang, S., Gilless, J.K., William, S., 2014. Modeling price-driven interactions between wood bioenergy 
and global wood product markets. Biomass Bioenergy, 60, pp.68–78. 
Zsidisin, G.A., Wagner, S.M., 2010. Do perceptions become reality? The moderating role of supply 
chain resiliency on disruption occurrence. Journal of Business Logistics, 31(2), pp.1–20.  
 
 
 366 
Appendices 
Appendix A List of Key Policy and Regulatory Documents Consulted  
• Biomass Task Force  (2005) Biomass Task Force: a report to Government Crown 
London: Crown copyright 
 
• The Climate Change Act 2008, http://www.legislation.gov.uk/ukpga/2008/27/  
 
• Committee on Climate Change (2011) Bioenergy Review  
 
• DEFRA, DFT and Department of Transport, (2007) Department for Environment, Food 
and Rural Affairs (2007) The UK Biomass Strategy, London Crown Copyright  
 
• Department for Business Energy & Industrial Strategy (BEIS) (2016) The Renewable 
Heat Incentive: a reformed scheme.  Statement of policy and Government response to 
consultation 
 
• Department of Energy and Climate change (DECC) (2009c): Heat and Energy Saving 
Strategy Consultation’ Crown copyright  
 
• Department of Energy and Climate Change (DECC), (2009) The UK Renewable Energy 
Strategy   London: TSO (The Stationery Office) publications.  
 
• Department of Energy and Climate Change (DECC), (2012) The UK Biomass Strategy 
London: Crown Copyright    
 
• Department of Energy and Climate Change (DECC), (2012b) The Future of Heating: A 
strategic framework for Low carbon Heat in the UK  London Crown Copyright    
 
• Department of Energy and Climate Change (DECC), (2013) The Future of Heating: Meeting 
the Challenge (DECC, 2013). 
 
• Directive 2009/28/EC of the European Parliament and of the Council of 23 April2009 on 
the promotion of the use of energy from renewable sources  
 
• Forestry Commission, (2015). Corporate plan performance indicators 2015-2016 
 
• Forestry Commission (2009). Forestry Skills Action Plan 
 
• UK Energy Research Centre, (UKERC) (2011), Energy from Biomass the size of the global 
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Appendix B -List of interviews and actors in the supply chains  
Interview 
number  
Role of Actor  Organisation in supply chain  
1 Managing Director Lead firm: wood pellet manufacturing 
plant  
2 Operations Manager  Wood pellet supply chain  
3 Owner of sawmill enterprise Sawmill enterprise  
4  Pellet distributor  Lead firm: wood pellet manufacturing plant  
5 Managing Director  Lead firm: woodchip processing and 
consultancy firm 
6  Operations Manager Lead firm: woodchip processing and 
consultancy firm 
7   Chipping contractors  Wood chipping firm  
8 Chipping contractor  Wood chipping firm 
9 Chipping contractor  Wood chipping firm 
10 Forestry Operations Manager Lead firm: woodchip processing and 
consultancy firm 
11 Business Development Manager Lead firm: woodchip processing and 
consultancy firm 
12 Energy Crop farmer Energy crop farm  
13  Woodland owner Woodland Cooperative  
14 Woodland owner and timber supplier Woodland Cooperative  
15 Woodland owner and end user Woodland Cooperative  
16 Land agent and harvesting contractor Harvesting Partnership firm 
17 Head Forester Wood log enterprise 
18 Small scale producer Small scale wood log enterprise 
19 Specialist producer Specialist kiln dried wood log enterprise 
 
Appendix B -List of interviews and actors at the sector level. 
Interview 
number 
Role of Actor Organisation in supply chain  
20 Wood land owner adviser Woodland Trust 
21  Regional Woodland advisor (E)  Forestry Commission  
22 Regional woodland advisor (SW)  Forestry Commission  
23  Policy Advisor  Forestry Commission 
24  Partnership and programme Manager 
(SE) 
Forestry Commission 
25 Policy Analyst  Wood Heat Association  
26 Renewable Energy Analyst  Energy Saving Trust 
27  Local Authority Representative  Woodland cooperative  
28  Pellet manufacture and producer  Wood Pellet Association  
29  Director of Operations  Rural Development initiative 
30 Wood fuel training providers IGNITE  
31 Wood fuel Training Providers LANTRA  
32 Wood fuel Training Providers  HETAS 
33 Heat Engineers Energy Institute 
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34 Heat Engineers Bioenergy Consultancy 
35 Heat Engineers Bioenergy Consultancy 
36 Bioenergy Policy advisor (RHI) DECC (Department of Energy and Climate 
Change 
37 Bioenergy Policy Advisor DECC (Department of Energy and Climate 
Change 
38 End-user and woodland owner Private wood land owner 
39 End-User and woodland owner  Private wood land owner  
40 End-user and wood land owner Private wood land owner  
41 HETAS Audit officer HETAS 
42 Energy crop consultant Private Consultancy  
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Appendix C Key Questionnaires   
GUIDELINE QUESTIONS FOR SUPPLY CHAIN INTERVIEW 
 
Brief history and background 
What were your drivers for going into wood fuel production?  
 
What type of feedstock do you use for wood chips? (Small round wood, short rotation coppice, 
saw mill co products, brash others?) 
 
Please describe the type of resources you had access to when you started wood fuel production. 
Please state in terms of sources of human capital (knowhow and skills), Physical capital 
(infrastructure, machinery and technologies), Natural capital (woodland resources available to 
you) social capital (networks and level of public acceptance) and financial capital (grants 
/personal funds etc) 
 
How have these evolved since you began and what is the current status of these resources? 
 
What are the barriers and drivers to increasing or improving the resources for the different 
capital?  
 
What type of resources do you currently lack for continued or increase in production for the 
future?  
 
What do you think are the potential risk to your wood fuel supply chain, what kind of 
challenges over the years that have threatened the viability of your enterprise?  
 
Do you provide ESCO services? What kind of expertise is needed to provide ESCO, 
installations and consultancy services?  
 
Questions on the wood fuel sector in general 
What do you think are the current and possibly future needs and strategies necessary to achieve 
a viable wood fuel industry in England? 
Please briefly state what you think should be done to meet these needs 
 
What do you think are the likely future threats or shocks from the UK economy or the wider 
UK energy system that could adversely affect the viability of the woodfuel industry? 
 
Supply chain external relations  
What type of external organisations have you related to concerning your wood fuel production 
system at the local, regional and national level.  
 
Please state in relation to each capital if possible: Financial, Physical, Human, Natural and 
Social capital 
 
To begin with, the Forestry Commission and the Surrey County Council, in which way have 
they been involved in your set up? 
 
What are the benefits or your expectations from such associations in each case?  
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What are the barriers and drivers to achieving the named benefits from your experience? 
 
Have you received or been refused any grant from external wood fuel related bodies? If so can 
you briefly describe the process and possible challenges to acquiring the funds.   
 
Are there any drawbacks in your association with any external organisation?  
 
Wood land management practices  
The South East Forestry Commission is committed to providing 500m3 of wood fuel per year 
to 2020 as its quota for the English woodfuel strategy target   
 
I. Are you aware of this target? 
 
II. What do you think are the drivers and barriers to achieving this target 
in general?  
 
III. What types of resources do you think are needed to achieve this 
potential? Please give details if possible on necessary resources in 
these terms:  
Human (areas to improve knowledge and know how),  
 
 
Physical (technology, equipments and infrastructure),  
 
Financial (types of funding and funding sources)  
 
 
Social resources (avenues to develop community cooperation 
and acceptance) 
 
Given the large volumes of wood fuel resources by some of your customers, how do you ensure 
sustainability of forestry resources is maintained?   
 
Case Study Supply Chain mapping Questionnaire  
 
The supply chain structure  
Please can you state the types of firms you work with in the supply chain?? Harvesting and 
processing contractors? Distributors? Transportation and haulage? others? 
 
Please can you estimate how many individuals from the different firms in the supply chain 
work directly with your establishment? 
 
On what basis do you chose a supplier or contractor for a particular project e.g.by 
recommendations, availability, certification, tender process? 
 
Do you have a regular or main contractor/supplier? 
 
How did you know about their services? 
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How long have your organisation been in business with this contractor? 
 
Are you dependent on any stage within the supply chain for continued production/service?  
 
Do you have other alternatives for these products or service? If so what are the alternatives 
 
Are your products or services dependent on the requirements of any actors within thesupply 
chain? If so, which actor  
 
Please could you describe the type of business  for which you provide 100% and over 60% of 
their turnover  
 
Are any of the organisations dependent on you for continued business? Do they have other 
alternatives for their services?  
 
Is the chain vertically integrated? i.e. does a single enterprise get involved in different varieties 
of operations? (design, sourcing, production, marketing)? Please describe 
 
 
Determining the type of internal governance  
Who specifies requirements for prices, product quality and deliveries?  
 
Do you set standards for suppliers of your products or raw materials in relation to on time 
deliveries, frequency and quality etc or vice versa?  
 
Do you monitor the performance of suppliers in meeting certain standards or vice versa?  
 
Do you assist suppliers to meet these standards or vice versa? Or if a supplier, do you have 
‘producer clusters’ assisting each other to meet these standards or other bodies external to the 
supply chain? 
 
Do you receive or offer assistance to/from any part of your supply network? 
e.g. technical, training, business recommendations or cost reduction advise 
 
 
On average, often and when do you need to communicate with your supply network during a 
particular project? How important is communication? 
 
Do you engage in social activities with firms or individuals in your supply chain? 
 
Workers in your establishment 
Please can you estimate the number of workers in your company using the following list 
 
 Please state number of jobs in fulltime equivalent for  
 
• Equipment Operation (processing etc)……… 
• Feedstock procurement and sourcing............................. 
 Office management and administration……………… 
Sales representative………………………………….. 
• Contract jobs in operation (e.g. maintenance)................ 
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• Others such as system design, marketing, installation and consultancy....... 
 
 
Do you employ local labour; if so what percentage of the total labour force are local (within a 
20 mile radius)? 
 
What percentage of your labour force is permanent? 
 
What is the general skill composition or qualifications of the workers in your enterprise?  
 
Do you offer training for your employees? 
 
External relations (All responses are treated anonymously) 
 
What type of external organisations have you related to concerning your establishment at the 
local, regional and national level? For example: Associations? Woodland owners 
Cooperatives?  County council? In which way have they been involved in your set up?  
 
What kind of activities are you involved in with these organisations?  
 
How do these organisations relate with you. 
 
Please could you look at these external governance criteria and determine how best they 
describe your relationship with each external organisation   
 
What are benefits of such association from your point of view? 
 
What are the barriers and drivers to achieving the named or further benefits from your  
experience? 
 
Have you received a grant from an external body? What was your experience  
 
Risk Management 
 
What do you think are the potential risks to your establishment, what kind of event would 
make it non-viable or not profitable; example; shock events, seasonality, disease and trends 
 
How would you or do you manage such risks? 
 
What do you think are the current and possibly future needs and strategies necessary to 
achieve a viable wood fuel sector in England? 
 
What do you think are the likely future threats from the UK economy or the wider UK energy 
system that could adversely affect the viability of the UK wood fuel sector? 
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Woodland management and wood fuel user interview guideline  
Please read through these questions. I look forward to discussing them with you 
during the interview.  
 
If you prefer however, you can type in your answers as much as you can  and 
return via email. However I may need to contact you for further clarifications. 
Please note that questions can be answered by other individuals within your 
organisation who may have access to relevant information. Please remember to 
save and attach your responses before sending the email if you use this option.  
 
The Questions begin in the next page. 
 
Many Thanks Indeed 
 
Damiete Emmanuel-Yusuf 
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Wood land Owners Questionnaire  
Section 1: Woodfuel and your woodland  
Please describe your woodland, including the size, types of trees and vegetation 
What type of wood fuel do you produce and how much annually? 
Cord for chipping and also for logs for glamping business 
 
What percentage of your business is woodfuel? What is the turnover and what percentage is it to your total 
turnover? 
Incidental 
 
What were your drivers for going into wood fuel production? Please list at least three in the 
order of importance. 
We mainly buy in wood – 300 tonnes of cord per annum which is chipped after c 12 months 
drying and then used in our woodchip fired 360kw boiler 
What can be barriers? Please list at least three in the order of importance. 
Good logs, fair weather for drying, reliability of chipper 
What are the benefits you have derived from wood fuel production 
Minimal in respect of our own production 
What kind of resources did you use to set up wood fuel production from your woodland, please 
state in terms of  
         Natural capital( how much wood fuel is available to you?) 
human capital (type of contractors, workers and other labour sources ),  
financial capital( how much  private and public investment(grants)  
physical  capital (type of equipment, facility or infrastructure bought or hired ), 
 social capital ( organisations support network or groups) 
 
We just use what we already have – our land is only 120 acres of which about 25 acres is woodland.  We 
have chainsaws and a log splitter but when doing any large scale processing we hire in kit 
 
 
Do you have a wood fuel boiler? Please could you list 5 drivers or reasons for installing a wood 
fuel boiler.  Please order them on a scale of 1-5, where 1 is the most important and 5 is the 
least important driver or reason   
Saving over oil 
Lower maintenance 
House and business is much warmer leading to more bookings for events 
Less reliance on world prices – though we got that wrong financially with the current tumbling 
oil price… 
Better use of resources 
Please could you describe any major challenges and problems from using your wood fuel 
system, during the following stages:  planning, installation and use phase  
 Planning required an expensive and good looking building to fit in with the Grade 1 buildings.  
It wasn’t difficult getting the permission but it did add to project costs. 
 
How were these resolved? 
Fairly easily 
Do you take payments from the Renewable heat incentive or any other grants  
 
Yes 
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Please describe any challenges to obtaining the RHI or any other grants previously or currently, did you 
need a consultant to help you with the application? 
 
Fairly straightforward considering the levels of payment over 20 years 
 
What do you think can improve the RHI process or its payment plans   
The people at RHI are incredibly helpful, some of the forms and workings of the website could be easier 
 
Would you have considered wood fuel without the payments from the renewable heat incentives and other 
grants 
 
We did consider it a couple of years before we went ahead and decided not to as it did not make financial 
sense. 
 
What will stop you or attract you to invest further and expand woodfuel business? 
I don’t see us doing any more for the time being, there is enough on our plate 
 
Where do you get labour to manage or harvest from your woodland, i.e. volunteers, paid 
workers? 
Family and paid workers 
 
What are the key skills you are looking for? 
Hard workers 
 
What would stop you taking on a full-time worker or apprentice? 
This side of our activities is too small to justify such a development at present.  If we choose to develop 
our log side then we might consider more employment 
 
a. How often do you employ the workers 
b. On average  how much are their wage  
c. How available are the volunteers if applicable and where and how do 
you source for them? 
 
Section 2: Wood land Management  
 
How much do pests and disease such as Will Chalara fraxinea and other pests, 
pathogens and diseases such as Red Band Needle Blight affect your woodland? 
In time I am sure our ash will be hit.  Not yet though.  Otherwise our woodland 
is healthy 
 
Is your woodland currently being managed?  
Yes 
 
 
Do you have or need a felling licence? What are the barriers and drivers for 
obtaining one? 
Yes.   
 
 
Do you have a formal forestry management plan? Was it drawn up by 
yourselves or by a contractor? 
An informal one drawn up by a woodland consultant 
Did you take advantage of the Forestry Commission woodland planning grant?  
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Yes 
 
If yes, would you have still obtained a woodland management plan if you did 
not have access to the FC planning grant? 
At the time we received the grant a woodland management plan was not 
required 
 
If no, please can you state the reasons for not receiving the grant? 
 
What do you think are the other practical drivers and barriers for woodland 
managers and owners to obtain management plans? 
Dislike of committing to paper  
 
What challenges and barriers have you faced in setting up a management plan 
or in managing your woodland?  
Time and paying the consultant , ignorance, fear of missing somthing, finding 
someone with appropriate skills. I have heard that some people do not want to 
deal with the FC due to various reasons. privacy? avoiding the bureacracy 
 
Section 3 
Compliance to The UK Forestry standard (UKFS)  
I’ve run out of time and I really don’t know too much about this stuff… 
How are the guidelines from the UK forestry standards applied in practice?  
 
i.  How do you think  woodland owners  can manage GHG emissions in 
producing wood fuel in practice  
 
ii. How are best practice in the UK forestry standard implemented or enforced 
since they are not legal requirements 
 
iii. Please state any improvements you would like to see in the monitoring of 
felling licences and management plans  
 
iv. Please state any other organisations apart from the Forestry commission that 
have you worked with in relation to your woodland  
 
Section 4: General Questions on the Woodfuel industry  
What do you think are the current and possibly future needs and strategies 
necessary to achieve a viable wood fuel industry in England? 
 
 
What do you think are the likely future threats or shocks from the UK economy 
or the wider UK energy system that could adversely affect the viability of the 
woodfuel industry? 
 
 
Many Thanks for Your Time  
                        Damiete Emmanuel-Yusuf 
